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I PREFACE

This study was performed by the Institute for Defense Analyses (IDA)

for the Department of State. In its Project Work Statement, the

Department set forth the following study purpose:

The immediate objective of the project is to analyze
the R&D expenditures of selected foreign countries
during the past 3-5 years, to estimate current annual
expenditures, and to project future expenditures for
the next 3-5 years. The results of the project would
provide the !tatistical underpinning for making assess-
ments, within the Department or elsewhere in the US
government, of foreign scientific capabilities.

3 It was subsequently decided that this project, because of the

fragmentary nature of data pertaining to future R&D expenditures,

would concentrate chiefly on presenting and analyzing the past ex-

perience of selected foreign nations in their allocation of resources

to research and development, while estimates of current and future

R&D expenditures would perforce be limited to tentative projections

for several major countries.
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I

SUMMARY INTERNATIONAL COMPARISONS OF
I R&D EXPENDITURES

A. rENERAL

During the decade of the 1960s, gross expenditures on research and

I development (GERD) within the OECD area (i.e., virtually all of the

industrially advanced countries of the non-Communist world) as a whole

nearly doubled, from $21 billion in 1961 to $41 billion in 1969. By

thot year, GERD in the Warsaw Pact area appears to have reached almost

"8 billion (in current dollars). 1 Thus, R&D expenditures for the two

area.; in 1969 probably totaled some $68 billion, which is by far the

jreatest part of the research and development accomplished in 
the world.2

3 Given the fact that the Warsaw Pact and the OECD are very differ-

ent in nature, there is little point in any further comparison of the

1. See Table A-1, in Part Two, "Statistical Dat.." The year 1969
is the latest year for whicn reliable OECD data exist. Warsaw Pact
fiqures are based on 11NESCO data, which are considerably less precise
(for reasons discussed in Chapter II), and also rarely go beyond 1969.

iTnless otherwise noted, all references to expenditures should be
understood to reflect expenditures in US dollars. Also, unless
otherwise noted, all data on expenditures are given in terms of
current prices. The effect of inflation on national and regional
I ERD is discussed in Chapter II.

The reader's attention is called to the fact that this and subse-
auent liscussions of financial allocations to R&D are in terms of
inputs only; the question of outputs--i.e., the quality of the products
gai-ne through the national RFT7eTort--is not addressed in this paper.

The exchange rates used in preparing the data in this study are
discussed in the "Series J" appendix, which begins on page 317.

5 2. The allocation of financial resources to research and
dlevelopment by OECD countries and by non-OECD countries, including the
Third World, is discussed in Chapters III and V, respectively. The
statistical data on which these chapters are based may be found in
the table Series A-E (OECD) and Series G (non-OECD) in Part Two.

xiii
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R&D resource allocations of the two organizations. The Warsaw Pact

is a military alliance and a "center of power," at least in a strategic

sense, while the OECD is a loose association of countries that collec-

tively dispose of immense economic power but rarely act in a coordinated

fashion.

What is of considerable interest in regard to the Warsaw Pact is

its relation to other present or potential "centers of power." Three

such centers appear to stand out. Two--the United States and Japan--

are nation states. 3 The third--the European Economic Community or

EEC--already functions for some purposes as a collectivity and may

constitute an incipient independent center of political-military power.4

The 1969 levels of expenditure on research and development in these

four centers of power are displayed in Figure S-1. The United States

and the Warsaw Pact allocated approximately the same amount of funds

to R&D in 1969--$26.6 and $27.6 billion, respectively. The EEC allocated

slightly more than one-third of these amounts: $9.5 billion. Support

for R&D in Japan was much smaller: $2.6 billion, one-tenth of the

amount generated by the two major centers of power.

As for the question of which states are the principal performers

of research and development, Figure S-2 shows that, just as the War-

saw Pact and the OECD account for most of the world's R&D, each of

these two areas is in turn dominated by a small number of states that
account for the great bulk of expenditures within that area. In 1969,

more than 86 percent of the funds devoted to R&D within the Warsaw

Pact was supplied by the Soviet Union.5 In the same year, 91 percent

of R&D expenditures in the OECD originated in five states. One, the

3. China is not considered here because information on Chinese
expenditures on R&D was not available.

4. It should be noted that the EEC discussed here is the expanded
nine-nation organization created in January 1973. Reference to
EEC expenditures on R&D in 1969 consequently reflect the sum of ex-
penditures in the six-nation EEC that existed at the time of the OECD
surveys and expenditures in the three nations that subsequently
joined the Community.

5. Table A-3.
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United States, accounted for 65 percent of the total for the area,

while four others--France, West Germany, the United Kingdom, and

Japan--supplied another 25 percent.
6

A second conclusion that may be drawn from Figure S-2 is that the

relative position of the big power that dominates R&D in each area is

tending to decline over time. Between 1967 and 1969 the share of the

USSR in Warsaw Pact GERD fell from 88 to 86.5 percent. The change in

the status of the United States in relation to the rest of the OECD

was more dramatic. Whereas in 1961 the United States funded three-

quarters of OECD research and development, by 1969 its share had con-

tracted to two-thirds of the total. The trend was accompanied by a

parallel expansion of the share held by what are referred to in tnis

report as the "Big Four": between 1961 and 1969, the portion of GERD

provided collectively by France, West Germany, the United Kingdom,

and Japan grew from one-fifth to one-quarter. It is because of the

important role played by these four countries and the United States

that they have been accorded special attention throughout those sec-

tions of this paper that deal with RFD expenditures in the OECD.

During the 1960s, the relative positions of the Big Four in the

total resources they allocated to R&D also changed. In 1961 the

United Kingdom was clearly far in the lead with GERD at least twice

dS large as that of France, West Germany, or Japan. By 1969 all four

-ountries were clustered close together--with the United Kingdom in

last rather than first place and Japan on the verge of moving past

France and West Germany.

It will be noted that we have so far discussed the R&D allocations

of different "centers of power," or of particular countries, in rela-

tion to each other and not in relation to some overall total, or

"World GERD." There are, as explained in some detail in Chapter II,

serious problems in comparing the R&D resource allocations of differ-

ent countries with each other; these problems are compounded if one

totals all the statistical imperfections into some sort of "World GERD."

6. Ibid.
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Even without attempting to develop a precise overall figure for

world R&D expenditures, however, it is nonetheless possible to make

some gross estimates of the relationship of the figures discussed

above with the amounts of R&D probably accomplished in the remainder

of the world. (The "remainder of the world" will again have to ex-

clude China, for the reason stated previously. It is conceivable

that Chinese R&D expenditures in, say, 1969 were in the neighborhood

of those of Japan or the United Kingdom, or more likely less, but we

have no statistical basis for making any estimate.)

It was noted that the R&D expenditures of the OECD and the Warsaw

Pact countries in 1969 probably totaled some $68 billion. If we take

into consideration what figures we do have for the R&D resource allo-

cations of the countries of the Third World, along with what we know

of their economies and general state of development, we can probably
safely say that the total R&D expenditures in 1969 for all these

remaining countries was little if any over $1 billion.7 Thus, it

appears likely that over 98 percent of the world's R&D (again exclud-

ing China) was accomplished in the OECD and Warsaw Pact countries,
with little over 1 percent in the remainder. Moreover, if we total

the R&D expenditures in 1969 of only the six leading countries--the

United States, the Soviet Union, France, the United Kingdom, Germany,

and Japan--the figure is some $61 billion, or perhaps 88 percent of

the world's R&D. In any event, the conclusion is inescapable that

the vast preponderance of the world's research and development is

performed in a very few advanced countries.

B. SOURCES OF R&D FUNDS IN OECD NATIONS

In almost all of the nations surveyed by the OECD in 1969,8 the

Business Enterprise and Government sectors together supplied more

7. See Table G-1.

8. The number of OECD countries responding to the 1969 survey
varied from twelve to twenty, depending on the subject area being
addressed.

xviii



than nine-tenths of the funds allocated to R&D; the Higher Education,

Private Non-profit, and Abroad sectors accounted for the remaining

one-tenth of GERD. The member nations of the OECD may be divided

into two groups, depending on whether it was the Government or Busi-

ness Enterprise sector that supplied more than half of GERD. The

3 group of "government-funded" countries was composed of nine states,

including France, the United States, and the United Kingdom. The last

two countries had Business Enterprise sectors that also spent large

sums on R&D, but the Government sector had ambitious R&D programs and
spent even more, both in absolute terms and as a percentage of GNP

and total government resources. In France, Canada, and Norway, the

Government was also heavily involved in R&D, and Business provided3 relatively little support. Finally, in Portugal, Greece, Ireland,

and Spain, Government spent comparatively little on R&D, but Business

Enterprise spent even less.

There were seven "private-funded" countries, including West Ger-

many and Japan. In these two states and the Netherlands, Business

Enterprise expenditures were relatively high, both in absolute terms

and as a percentage of GNP. Government spending was comparatively

Ilow in the first two, but high in the Netherlands. In Sweden, Belgium,

Italy, and Austria, Business spending on R&D was moderate in absolute

jand relative terms, and Government spending was even lower.

jC. SECTORS OF R&D PERFORMANCE IN OECD NATIONS

The performance of R&D is much less concentrated than is the

fundi-n. In almost half of the responding countries, the combined

share of Business Enterprise and Government R&D performance was less

than 80 percent in 1969. The most important other sector of per-

formance was Higher Education.

In all of the five Major States (the United States plus the "Big

I 1Four"), the Government sector performed far less, both absolutely

and as a percentage of GERD, than it generated. Only in the United

I Kingdom and France was as much as one-quarter of R&D conducted in

this sector. The four countries that expended one-half or more of

xix
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their national R&D effort in the Government sector were all small,

relatively underdeveloped countries with weak private enterprise

sectors. Out of nineteen responding nations, twelve, including all

of the Major States, conducted most of their research and development

in the Business Enterprise sector.

D. INTER-SECTORAL TRANSFERS IN OECD NATIONS

The Government sector in OECD countries finances from its own

funds all or almost all of the R&D it performs and is the only impor-

tant outside contributor to Business Enterprise R&D. In addition,

it is usually the principal source of support for research and develop-

ment conducted in Private Non-profit institutions and finances the

great bulk of Higher Education R&D. Thus, Government is the source

of most of the funds moving between sectors. Government R&D expendi-

tures tend to be concentrated in one or two sectors of performance,

of which the primary one is itself and the other is Higher Education.

E. OBJECTIVES OF GOVERNMENT-FUNDED R&D IN OECD NATIONS

The OECD has formulated a set of fourteen objectives under which

all Government R&D expenditures can be subsumed.9 These objectives

in turn are organized into five groups:

Groups Objectives

I National Security and Defense
Big Science Civil Space

Civil Nuclear

II Economic Development Agriculture
Mining and Manufacturing
Economic Services

9. This section discusses the objectives of only Government-
funded R&D within the OECD. While it would be desirable to have
total national R&D expenditures broken down by objective for both
OECD and non-OECD countries, the necessary data were not available.
See Chapter IV and the Series F tables for a detailed discussion and
statistical data on "Government R&D Objectives in OECD Member Nations."
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III Community Services Health
Pollution
Public Welfare
Other Community Services

IV Advancement of Science Advancement of Research
Advancement of Science via3 General University Funds

V Other Activities Developing Countries
i Miscellaneous

Between 1961 and 1971, the position of National Security and Big

Science in Government R&D weakened in all OECD states. In 1961 this

objective ranked first in seven countries, including all of the Major

States except Japan, and second in another two. By 1971, however, it

ranked first in only four; in West Germany and two smaller states it

slipped down one level, and in Belgium it dropped two levels from

3 second to fourth.

Advancement of Science (i.e., Government support of research in

3 universities) improved its position, so that by the early 1970s it

had probably supplanted National Security and Big Science as the most

important group of objectives. Between 1961 and 1971, Government in

West Germany, Italy, Japan, and three smaller states accorded this

group the highest priority. In three other states, including France

Iand the United Kingdom, this objective received second priority.
Whatever the relative position of Groups I and II, there is no

doubt about the order in which Government ranked the remaining three

groups. In 1971 as in 1961, seven out of twelve countries, including

1 four of the five Major States, ranked Economic Development third. Seven

states in 1961 and eight states in 1971, including in that year three

Major States, ranked Community Services fourth. As for Other Activities

(chiefly aid to developing countries), its position, already low in 1961,! -was even lower by 1971, when it ranked last in no less than eleven of

the twelve countries.

To consider Group I in somewhat more detail, over the decade of

3 the 1960s, the shares of both Defense and Civil Nuclear in Government

funding generally tended to contract, while that of Civil Space tendedg to expand (except in the United States where the program peaked in
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1965 and has steadily declined ever since). In ten out of the

responding twelve states, the relative importance of both Defense and

Civil Nuclear decreased between 1961 and 1971, with the difference that

the share of the latter at the beginning of the period tended to be

much lower and the decrease tended to be much less dramatic.

As for Civil Space, it began the 1960s with a very small share

of Government R&D funds (little or nothing in half the states surveyed)

and by 1971, even after years of steady growth, still accounted for

7 percent or less of the total in eleven out of the twelve countries.

The exception was the United States, where in 1971 this objective

still absorbed almost one-fifth of Government spending on research

and development.

F. ESTIMATES OF GERD IN THE FIVE MAJOR STATES FOR 1973 AND 1975

Using projections based both on average annual rates of growth in

GERD and on estimates of GERD as a percentage of GNP,I0 the authors

made estimates of GERD in 1973 and 1975 for the United States, France,

West Germany, Japan, and the United Kingdom. These estimates are

summarized in Table S-1.

The estimates suggest that, as a consequence of different rates

of growth in GERD and drastic shifts in exchange rates, there have

probably taken place important changes in the relative levels of

support for R&D in the five Major States since the last OECD survey

was conducted in 1969. In that year, the combined expenditures of

the Big Four were less than 40 p-rcent of those of the United States.

As Table S-1 shows, by 1973 their collective GERD may have reached

between 60 and 75 percent of that of the United States. Again,

whereas in 1969 US expenditures were ten times larger than those of

the second-ranking state (Japan), in 1973 they may have only been

four times larger. Thus, although the projections for the individual

countries may well be, and indeed probably are, incorrect in detail,

10. For a description of the methodology and more detailed pro-
jections, see Chapter VII and Table I-1.
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Table S-1

3 PROJECTIONS OF PRESENT AND FUTURE GERD
IN FIVE SELECTED OECD MEMBER NATIONS
(in billions of current US dollars)

Actual Projected
Countrya  1969 1973 1975

UNITED STATES 26.6 30.1 32.7-34.1

JAPAN 2.6 7.1-8.4 9.5-11.2

WEST GERMANY 2.7 4.3-6.3 5.5-7.0

FRANCE 2.7 3.6-3.9 3.8-4.2

UNITED KINGDOM 2.4 3.0-4.0 3.2-4.1

a. Countries are ranked in the order of the size of their
projected GERD in 1975.

Source: Table A-1 and Sections C through G of Chapter VII.

jone major conclusion cannot be avoided: The former US position of

vast predominance in R&D expenditures, in comparison with other major

non-Communist industrialized states, is steadily eroding

The suddenness of the change in relative position is more apparent

than real, however. The dollar was overvalued at the time the OECD

surveys were taken, and so the position of the United States was never

in reality as overwhelmingly dominant as the statistics indicated.

jThe revaluations and devaluations that have been carried out since
1969 have resulted in figures that represent a much closer approxima-

tion to the actual allocations of resources to reseirch and develop-

ment than was available earlier.

There may also have occurred a change in the relative positions

of the Big Four. The year 1969 saw them clustered close together

with GERDs of between $2.4 and $2.7 billion. By 1973, Japan probably
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established a definitive lead over the other three. Its expenditures

of from $7.1 to $8.4 billion are probably twice as large as those of

either Prance or the United Kingdom (or larger than their combined

expenditures) and about one-quarter those of the United States. West

Germany probably occupies a position midway between Japan and the

other two states. It would appear, therefore, that while the distance

between the United States and the Big Four is narrowing, the spread

among those states is increasing.

The relative position among the Major States in 1975 is more

difficult to estimate. In this instance, the projection for the United

States, like that for the other countries, is expressed in terms of

a range of values.

Comparing the United States with the Big Four, we find that Japa-

nese GERD may increase from about one-quarter to almost one-third that

of the United States ar.] that the collective GERD of the Big Four may

amount to approximately 70 to 80 percent of US GERD, depending on

whether one compares the lower or higher ends of the ranges of the

respective states. This suggests that the trend discerned in the

analysis of the present situation will continue. Between 1973 and

1975, the United States will probably lose more ground to the Big

Four.

As for the Big Four themselves, France and the United Kingdom

should stay close together at the bottom, West Germany should increase

the distance between them and itself, and Japan should pull still

further into the lead. Its GERD by 1975 may be two-and-one-half times
as large as the GERD of either France or the United Kingdom.
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INTRODUCTION

A. SIGNIFICANCE OF R&D STATISTICS

Within the past two decades, the advanced nations of the world

have shown a greatly increased interest in the subject of scientific

research and development--most with the objective of stimulating

economic growth, but others with an eye chiefly to political and3 military advantage. There has been a concomitant rise in interest

in the techniques for measuring national resources devoted to R&D.

3 An entire literature has grown up on the subject of "national science

policy," as governments and international organizations have attempted

to improve their understanding of how science could be harnessed to

national objectives through deliberate policy decisions and planned

research and development. Much of this interest came about, of

course, as a result of the dramatic successes, first in military and

later in space science, that attended precisely this kind of national

commitment to research and development for a preconceived purpose.

But a large part of the new approach to research and development had

its origins in a more general change in the scientific climate that

began as far back as the nineteenth century.

The new approach to scientific research was characterized by an

ever closer link between science and technology. As one leading

student of modern science has stated, "it is the special character-

Iistic of modern societies to sustain themselves by innovations which
have their source in theory. "' Prior to the second half of the nine-

j teenth century it was rare to find examples of techniques originating

1. Jean-Jacques Salomon, General Introduction to Organisation for
Economic Co-operation and Development, The Research System (Paris,
1972), Vol. 1, p. 11.1
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directly from the progress of pure science; since that time, however,

and especially during the twentieth century, technological develop-

ment has depended ever more closely on the theoretical knowledge

acquired from scientific research. At the same time, the progress

of science itself has come to depend more and more on instrumenta-

tion and equipment that were developed by the science-driven tech-

nology. Salomon states:

The resultant consequences, both for the organisation
of scientific research and for the influence of re-
search on society, have been so often emphasized that
they have become a commonplace. First, the timelag
and the geographical distance between the emergence
of new ideas and their practical application has
greatly diminished; secondly, a new type of organisa-
tion has invaded research activities, the old work-
shop type of laboratory yielding place to modern
research institutes relying on large-scale equipment
and big research teams, with complex structures and
closer links among different disciplines. The or-
ganisation age can be said, in sum, to have swept
science into the productive age; in other words,
science is not indifferent to the institutional
context in which it develops. 2

One of the chief implications of the new state of affairs, from

the standpoint of national policymakers, was the apparent inference

that science with all its economic, political, and military benefits

could be made responsive to money. A second implication, to some

extent working at cross purposes to the first, was the growing reali-

zation during the 1960s that the new science was also extremely ex-

pensive--especially the "big science" research fields such as

aerospace, nuclear energy, sophisticated computers, and high-energy

physics.

At the present time, many of the advanced countries within the

Organisation for Economic Co-operation and Development (OECD) appear

to be experiencing something approaching disillusionment with the

promises that ever-expanding research and development programs had

2. Ibid., p. 12.
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seemed to hold out to them. As the most recent study of R&D trends

i by the OECD Directorate for Scientific Affairs states:

At the time of writing, R&D is going through a diffi-
cult period. Its stock has fallen in the view both
of governments and of public opinion. At worst its
basic utility is being questioned. At best it is
believed that R&D efforts should be reorganised so
that they contribute not only to traditional objec-
tives such as defence, space, atomic energy and in-
dustrial growth but also to what are loosely called
the "social objectives" which have recently been
growing in priority and importance.

This change of attitude has led to attempts to
achieve greater selectivity and to orient R&D towards
a wider range of better defined problems. It has
been accompanied by a relative or absolute reduction
in the amount of resources which governments devote
to R&D.

3

There has been little disillusionment, however, with the general

conviction that improved means of measuring R&D resource allocations

are necessary. Indeed, the currently perceived necessity for better

selectivity and clearer definition of R&D programs has reinforced

the requirement for more precise R&D statistics. In this connection,

it is worth noting that, until the very recent past, R&D has had

little visibility in most national budgets, since governments (the

source of more than half of national R&D funds in many countries)

have rarely budgeted for it, per se; instead, most governments usually

budget by ministry or agency, and it is only recently that some have

begun to break out separate R&D categories. As a result, special

surveys have been required to estimate R&D expenditures. Improved

R&D accounting practices, therefore, to better align proposed govern-

ment spending programs with national policies and to permit effective

followup on previous policy decisions, have become increasingly

necessary.

I Improved management of a nation's R&D programs and policies has

constituted only one aspect of the recent demands for better R&D

I 3. Organisation for Economic Co-operation and Development, Direc-
torate for Scientific Affairs, Changing Priorities for Government R&D,I DAS/SPR/73.35 (Paris, 1973), p. v.
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statistics. There has also been a growing interest in other nations'

R&D programs, proaress, and policies. The chief impetus in this di-

rection has undoubtedly come from international groups, such as the

OECD or the European Economic Community (EEC), whose members are

attempting to coordinate not only their economic but their scientific

development programs, as well.4 A further impetus has come from the

previously mentioned "second thoughts" of many countries regarding

the advantages of their earlier enthusiastic, but sometimes rather

undifferentiated, support for R&D. As a result, most of the advanced

countries have developed a keen interest in the way other nations are

managing their R&D programs, for purposes of comparison, analysis,

and possible improvement of their own science policies and structures.

A third source of interest in international R&D statistics has been

the large bloc of nations who are not numbered among the advanced

countries. While there may be here some holdover of the earlier

Western attitude that R&D is a panacea for a nation's economic ills,

there is probably even more a genuine conviction, among advanced as

well as less developed countries, that the new scientific research

can yield benefits for all nations if the techniques and practices

learned from the leaders can be intelligently applied.

R&D data are also seen as an additional tool in the overall task

of assessing the capabilities, the potential, and the long-term trends

4. Among a few advanced Western nations, in particular the United
States, there has also been a strong specialized interest in the scale
of foreign military R&D efforts.

5. The same OECD study cited earlier states, for example:

The underlying preoccupation of most Member govern-
ments during the 1950s and 1960s was the encouragement
of economic growth and this deeply influenced their
thoughts on R&D.... The general view was that almost
all R&D should be encouraged per se, though there were
attempts to identify and support programmes which were
thought to have a more immediate impact on economic
growth. In this period we find some governments fix-
ing percentages of RCD to GNP not as upper limits of
resources available but as targets, often without any
clear specification of the purposes to which the new
R&D was supposed to contribute. Ibid., p. 1.

4



I

I
in a nation, just as economic, demographic, or military data make

their own special contributions to this task. The most basic ques-

tions that might be asked in such an analysis, of course, are those

of scale: What is the gross amount that a nation devotes to R&D (or

what, to use the acronym, is its GERD, that is, Gross Expenditures

on Research and Development)? Have its R&D expenditures been in-

creasing or decreasing in recent years? How do these trends com-

3 pare with those in other countries? While it should be emphasized

that such data tell us nothing about the outputs, or productivity,

U of a nation's R&D, they do supply some gross indicators of overall

scientific capability and potential.

A second basic question is that of R&D intensity. What propor-

tion of its available resources does a nation devote to R&D? In

other words, while one might expect a large nation with a large GNP

3 to have larger total expenditures for R&D than a small nation (for

example, the United States as compared with Switzerland, or India

3 compared with Israel), in which country does GERD constitute a higher

percentage of GNP? With an answer to this question, we begin to

acquire a somewhat sharper indication of a nation's scientific and

technological potential.

The analyst of R&D statistics can also acquire some indicators

of the nature of a society and of a government's relationship to the

economy--at least from the scientific standpoint. What are the

j sources of R&D funds within the country? What proportion is funded

by the government and what proportion by private enterprise? Or put

Idifferently, to what extent is R&D an accepted technique of business
management in its quest for innovation and competitiveness, and to

I what extent is it necessary for the government to assume responsibil-

ity for such risk-taking funds? Where is research and development

. preponderantly performed--in government laboratories, in those of

I private enterprise, or somewhere else? To what extent does the

government make it a policy to support R&D in private enterprise, or

I in the universities, through transfer of government funds? How does

a nation allocate its funds among the various types of R&D activities--

1 5
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that is, basic research (chiefly university research), applied

research, and experimental development? And, lastly, one of the most

important questions of all, what appear to be a nation's priorities,

or objactives, in R&D? What proportion of its R&D funds does it

spend on defense? On a civil space program? A civil nuclear pro-

gram? To what extent does it emphasize economic and social objec-

tives in its R&D?

To these and other questions, this paper will give some answers

for a wide selection of foreign countries, both advanced and less

developed. While there is no claim that these answers supply any

totally new or revolutionary insights into the policies of other

nations, it is believed that the insights furnished are of a differ-

ent kind and that they add a useful dimension to other available in-

formation on these countries.

B. FOCUS OF THIS STUDY

It was not possible within the time constraints of this study to

accomplish everything we would otherwise desire in regard to analy-

sis of the available data. Where a choice had to be made between

more extensive analysis of specific data and a more complete presen-

tation of pertinent statistics, we have inclined toward the latter

choice. This policy was followed in the belief that the most impor-

tant task at present in this relatively new field of research is to

lay out the basic statistical situation as it exists in the various

countries. Along with this data presentation, however, we have pro-

vided some fairly detailed analysis and then (in Chapter VTII) have

posed some hypotheses in regard to the possible implications of some

of the findings for future US policy. It must be emphasized, however,

that so far these are only hypotheses that will require considerably

more study before their significance--and even their appropriateness--

can e fully appreciated.

16



C. ORGANIZATION

This paper opens with a discussion of the sources and problems

of R&D statistics (Chapter II), and then proceeds with two basic
parts dealing with the actual data--an analytical section and a back-

3 up section consisting of statistical tables. Part One constitutes

the main body of the study, and includes:

(a) Summary charts and tables depicting the status of se-
lected countries worldwide in the various facets of their
R&D activities, along with textual analysis summarizing and
highlighting the material displayed (Chapter III, Allocation
of Financial Resources to R&D by OECD Member Nations; Chap-
ter IV, Government R&D Objectives in OECD Member Nations;
Chapter V, Allocation of Financial Resources to R&D by
Selected Non-OECD Nations; and Chapter VI, Allocation of
Manpower Resources to R&D by Selected Countries Worldwide);

(b) Some tentative projections of R&D expenditures for
several major countries (Chapter VII);

(c) A brief section noting some hypotheses regarding poten-
tial issues of interest for US policy (Chapter VIII).

Part Two might, in a somewhat different sense, be considered the

Imain part of the study in that it contains all the basic work--that
is, the detailed tables--from which the charts and analysis in Part

One were later derived. In any event, it is important that the

reader be aware that the organization of the charts and analysis in

Part One parallels the organization of the tables in Part Two--both

of which were essentially based on the structure developed by the OECD:

(a) Gross financial allocations
(b) Sources of funds
(c) Sectors of performance
(d) Transfers of funds between sectors
(e) Types of R&D activity

4(f) Governmental objectives.

6. This chapter is not absolutely necessary for the reader who
is interested only in the results of the various data compilations.
The authors strongly suggest, however, that an appreciation of the
data sources and limitations will improve markedly the reader'siunderstanding of the data's significance.

7



I
I
I

I R&D STATISTICS: SOURCES AND PROBLEMS

A. SOURCES FOR THE STUDY

1. The Initial Selection Process

j Three international organizations, the European Economic Community

(EEC), the United Nations Educational, Scientific, and Cultural

Organization (UNESCO), and the Organisation for Economic Co-operation

and Development (OECD) have compiled statistics for a number of

nations on the allocation of resources to research and development

(R&D).1 Each of these sources has its special usefulness. At the

very beginning of this project, however, it was decided to rely when-

ever possible upon the reports prepared by the Directorate for Scien-

tific Affairs of the OECD Secretariat. These were found preferable

to the studies undertaken at the direction of the PREST Group 2 of the

EEC for three principal reasons.

First, in terms of the number of countries surveyed, the OECD

publications provide superior coverage. The set of states responding

to the OECD questionnaires included, in addition to the five reporting

Ito the EEC,3 from seven to fifteen other nations. The OECD monitored

the activities of all of the five states that, collectively, conduct

most of the research and development performed in the non-Communist

world; the EEC examined only two (France and West Germany).

1 1. In addition, according to information available to the OECD as

of November 1972, the Scandinavian countries are preparing a special
R&D classification for the Nordic area. See OECD, Changing Priorities
for Government R&D, DAS/SPR/73.35 (Paris, 1973), p. 128.

2. Working Group on Scientific and Technical Research Policy,
appointed by the Medium-Term Economic Policy Committee of the
Commission of the European Communities.

3. Germany, Belgium, France, Italy, and the Netherlands.

9
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Second, whereas the data assembled by the EEC refer only to the

years 1967 through 1971, the OECD data provide information on the

early 1960s--for 1963 and occasionally 1961 (in the case of the sub-

jects investigated in the large-scale surveys) or for the entire

decade (in the case of the more detailed studies on governmental R&D

objectives).

The third and most important reason, however, is that the OECD

attempted to assemble a picture of the total national R&D effort of

its member states, while the EEC confined itself to the more narrowly

defined issues of the level of government funding for research and

development and the distribution of those expenditures among various

objectives--issues thoroughly investigated by the OECD.
4

The UNESCO publications were resorted to only when it was neces-

sary to secure information on countries that are not members of the

OECD. For this purpose the UNESCO data were indispensable; otherwise

there was little or nothing available on many countries. Where both

UNESCO and the OECD provided information on a given country, however,

4. The schemes of classification used by the OECD and the EEC to
analyze the objectives of government-funded R&D are very similar.
The two are compared and discussed in OECD, Changing Priorities for
Government R&D, pp. 113-19 and pp. 128-30, and Commission of the
European Communities, Statistical Experts Group, Research and Develop-
ment: Public Financing of Research and Development in the Community
Countries 1967-1971, Analysis by Objectives, pp. 1.1-1.2.

As the latter source explains, the main differences in the two
schemes are that (a) the EEC's figures relate to appropriations by
the central government, while the OECD concentrates on actual expendi-
tures; (b) the EEC studies cover government-funded R&D performed
abroad, while the OECD reports do not; and (c) the OECD supplies in-
formation on R&D that is performed in the government sector but funded
from non-governmental sources, while the EEC does not.

The assertion by the EEC that "funded research projects relating
to the social and human sciences are included in the Community system,
whereas the OECD gives them only in tabulated annexes" has been over-
taken by events. In the latest OECD study, Changing Priorities for
Government R&D, the data supplied by the national authorities included
the social sciences and the humanities for all countries except Canada
and the United Kingdom. This source does not indicate whether the
f1S data included R&D in these categories. Ibid., pp. 136-61.

10
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i the OECD was the preferred source for several reasons, all stemming

from the fact that (a) the OECD Directorate for Scientific Affairs was

earliest on the scene in making systematic international comparisons

of R&D effort and (b) the OECD countries in themselves are generally

more advanced and more homogeneous, thus permitting more precise

reporting instructions and more meaningful comparisons.

Specifically, the OECD's earlier involvement in the development
Sof international R&D statistics has made possible longer time series

in the OECD data, and has also provided additional experience for

both OECD staff and member countries in working out data and reporting

problems--thus making for more reliable data. In addition, the OECD
members' relatively greater similarity in interests and economic

structure has enabled the OECD surveys to cover both a wider and richer

field of information than was possible for UNESCO: for example,3 UNESCO makes no attempt to break out R&D expenditures by objective--

one of the most useful areas for comparison and analysis; the OECD3 data allow some "third order" comparisons of inter-sectoral transfers

of funds, while this is not possible at all with the UNESCO data; and

the OECD staff has supplemented its data presentations with an
analytical commentary, which has not been undertaken by UNESCO. More-

over, UNESCO expenditure data are in national currencies only, while

most of the OECD data have been converted to US dollars for compara-

tive purposes.

IFinally, there is a difference between the OECD and the United
Nations data that appears to have something to do with differences inJthe two types of international organization. Generally speaking,

UNESCO appears to have handled its members more with kid gloves and
j reported the data largely as they were received (with some supple-

mentary information from other official sources). The OECD, on the

3 other hand, has attempted to go more deeply into the national scien-
U | tific structures of its members and has occasionally even rearranged

its members' data when this appeared necessary for better compara-

i bility.

1 1
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2. Principal OECD Publications Used

Three sets of materials published by the OECD were relied upon in

preparing this paper:

" Research and Development in O.E.C.D. Member Countries:
Trends and Objectives, CMS(71)6 (Paris, August 1971),
and it companion volume, CMS(71)6, Appendix (September
1971).

" International Survey of the Resources Devoted to R&D
in 1969 by OECD Member Countries: Statistical Tables
and Notes, in five volumes (Paris, 1972). The first
four volumes deal with the individual sectors, are
numbered from DAS/SPR/72.22 through 72.25 and appeared
in the spring of 1972. The final summary volume is
designated DAS/SPR/73.30 and was published a year later
in June 1973.6

" Changing Priorities for Government R&D, DAS/SPR/73.35
(Paris, July 1973).

The first group of materials, R&D Trends and Objectives, is organized

under two main subject headings. The first chapter, devoted to an

investigation of overall trends in the national R&D programs of OECD

member nations, is based on two surveys conducted by the OECD in

1964/64 and 1967 and, for some countries and some subjects, contains

additional data for 1961 and 1969. A third OECD survey, designed to

gather more recent information on the subjects covered in the earlier

surveys, was carried out in 1969. The final results were published in

mid-1973 in the second group of materials, Survey of R&D in 1969.

Those sections of this paper that deal with expenditures on research

and development at the national level are, therefore, derived from the

first chapter of R&D Trends and Objectives and the later Survey of R&D

in 1969. Statistics are usually available only for 1963, 1967, and

1969.

5. Hereafter, these publications will be referred to as R&D
Trends and Objectives and R&D Trends and Objectives, Appendix, respec-
tively.

6. Hereafter, these publications will be referred to as Survey
of R&D in 1969, together with the appropriate volume number.

12
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The second and much longer chapter of R&D Trends and Objectives

concentrates on an analysis of the objectives of government R&D.

This chapter has been used very sparingly in this paper, largely

because it has been superseded by the third publication listed above:

Changing Priorities for Government R&D. Those sections of this paper

that deal with expenditures on research and development at the govern-

ment level by objective are consequently derived almost entirely from

this last source. Statistics are available in a continuous time

series running from a point in the early or mid-1960s (usually 1961)

to some time in the late 1960s or early 1970s (usually 1970 or 1971).

1 3. Principal UNESCO Publications Used

The primary source of R&D statistics for all non-OECD--that is,
Communist and Third World--countries was the "Science and Technology"

section of the UNESCO Statistical Yearbook 1971, published in 1972 in

I Paris by the United Nations Educational, Scientific, and Cultural

Organization. UNESCO established a Division of Science Statistics in

1965 and began to publish statistics on R&D after its first survey,

which covered the year 1967. (The definitions used by UNESCO were

largely based on those of the OECD.) A second UNESCO survey was con-

ducted during 1970, and the results were supplemented by material

from the earlier survey and from questionnaires that had been sent to

different groups of countries, for various specific purposes, between

1966 and 1968. With each succeeding year after 1967, UNESCO coverage

of R&D statistics has become more comprehensive and has also usually

incorporated the information of previous volumes to provide longer

time series.

In a few instances, the UNESCO series of publications on "National

Science Policy and Organization of Scientific Research in Various

Countries" were consulted, but usually the statistical information

1 contained in these volumes was also incorporated in the Statistical

I Yearbook.

I
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B. DATA LIMITATIONS

1. The Question of Productivity

The purpose of the Department of State in funding this project was

to obtain data that presumably "would provide the statistical under-

pinning for making assessments ... of foreign scientific capabilities."

It is, however, advisable to bear in mind the extent to which these

statistics, as they currently exist, actually reflect the absolute and

relative strengths and weaknesses of the R&D efforts mounted by

foreign countries.

Ideally, the scientific capabilities of a nation should be assessed

in terms both of the resources devoted to research and development and

the utility of the "products" generated by that activity. To borrow

the language of the National Science Board of the US National Science

Foundation, these two approaches to the measurement of scientific

capabilities involve the development of "intrinsic" and "extrinsic"

indices. 7 The former include both the financial resources devoted to

science--an index that probably constitutes the most concrete expres-

sion of a nation's science policy--and the human resources mobilized

for R&D, a variable more difficult to measure. This paper provides

some information on the quantitative aspects of scientific and techno-

logical manpower but none on the quality of this resource. There is

also a third "intrinsic index" identified by the National Science

Board: "the condition of the institutions involved in training,

research, and technical innovations"--and, it could be added, the

institutions involved in monitoring the nation's scientific activities

and shaping its national science policy. There are obviously many

more problems associated with measuring the strengths and weaknesses I
of R&D institutions than there are in measuring such inputs as money p

and manpower, which are at least partially amenable to

7. The following discussion is based in part on National Science
Board, National Science Foundation, Science Indicators, 1972: Report
of the National Science Board! 1973 (Washington, D.C.: US Government
Printing Office, 1973), p. vii.
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quantitative analysis. An exploration of this subject was outside

the scope of this paper. Nevertheless, the nature and effectiveness

of a nation's R&D institutions clearly have a considerable impact on

3 its scientific activities. It follows that this variable would have

to be explored in any comprehensive assessment of foreign scientific

capabilities.

Still more difficult to grapple with are the "extrinsic indices,"

which measure the productivity of a nation's R&D effort. These indices

center around the application of scientific knowledge,
and the technology it fosters, to the achievement of
national goals ... and the consequent impact on that
elusive entity, "the quality of life. 8

I How, indeed, is one to assess the utility of the ideas and products

that emerge from research and development? To begin with, large in-

i vestments of money and manpower in research and development may con-

ceivably yield little in the way of discernible returns--or returns

so small as not to justify the investments. There is an additional

Idilemma inherent in the fact that assessing the utility of a given
return is often a very subjective process. Within a country, are the

products of defense R&D less valuable than those of health R&D or indus-

trial R&D? Between countries, which has the "stronger" R&D program,

that which advances most rapidly in the area of national defense and

big science R&D or that which leads the way in economic development

R&D? There are, moreover, formidable obstacles to the quantification

of these variables. And even if it was possible to gather data that

would provide a fairly realistic picture of what was being accomplished

in certain areas, the statistical profiles of those accomplishments

more often than not would be found to be incommensurable.

The National Science Board has begun to develop a few crude indi-

cators of US R&D productivity--output of scientific reports; interna-

3 | tional trade in patents, licenses, and manufacturing rights; industrial

productivity; and trade in technology-intensive products.
9 As valuable

8. Ibid.

9. Ibid, pp. 2-17.
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a contribution as this pioneering effort is, it provides us with a

very imperfect representation of the performance--absolute and rela-

tive--of a nation's R&D establishment.

This paper touches not at all on these "extrinsic indices,"

necessarily so in view of the primitive state of the art in this area.

Yet it is necessary to be fully aware of the fact that this paper

addresses only that portion of the problem of assessing foreign

national scientific capabilities that is related to inputs. No

attempt is made to determine what returns the nations derived from

their respective investments of money and scientific manpower.

2. The question of Comprehensiveness

The Work Statement for this project directs that it focus on

"selected" foreign countries. The resultant selection process was

influenced by two determinants, one related to constraints imposed by

time, the other arising from the nature of the available data.

The time available for the study necessitated an approach that

sacrificed inclusiveness of lesser countries for depth in the more

significant ones. The circle of states investigated had to be re-

stricted in order to permit the construction of a reasonably well-

rounded profile of the R&D conducted in each subject country.

The nature of the available statistics further reduced the number

of states that could be investigated. The easiest way to approach a

discussion of this particular problem is in terms of the three cate-

gories into which the countries in this study fall: the member states

of the OECD, the Communist countries, and the nations of the Third

World.

The OECD membership comprises twenty-three full members and two

associate members. 10 Of these twenty-five, only twelve are represented

10. OECD member states include Australia, Austria, Belgium,
Canada, Denmark, Finland, France, West Germany, Greece, Iceland,
Ireland, Italy, Japan, Luxembourg, the Netherlands, Norway, Portugal,
Spain, Swpripn, Cwitzerland, Turkey, the United Kingdom, and the United
3tate7. Tn j(dition to the twenty-three full members, Yugoslavia and
New 7~alanrl parti-ipatp as observers and are sometimes referred to as
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in the OECD's study of governmental R&D objectives, 11 and from twelve

to twenty in the survey of national R&D efforts. All references to
"R&D in the OECD area" consequently should be understood to refer to3 R&D in the member countries responding to the OECD questionnaires.

Furthermore, because the set of responding countries often changed

Sfrom issue to issue, depending on the data available, the statistical
basis for generalizations about R&D in the OECD shifted constantly.

Fortunately, the five major performers of R&D--the United States,

France, West Germany, Japan, and the United Kingdom--appear in all but

a small fraction of the statistical series; and four out of the ',;-

next-most-important performers--Canada, Italy, the Netherlands, and
Sweden--are well represented. Information on the fifth country,9 Switzerland, is less adequate. The most significant gap in the data

is the absence of Australia, which joined the OECD after the major

surveys were conducted.

The Communist states pose special problems. It is very difficult

to acquire satisfactory data on their R&D activities (especially mili-

tary R&D) and what data are available are often highly controversial

and usually not comparable with data for non-Communist states. No

information exists on R&D in the People's Republic of China. In this

study we have usually treated only the Soviet Union, Czechoslovakia,

and Poland; some limited summary information on the other members of

the Warsaw Pact is occasionally included. For the Soviet Union, how-

ever, the non-availability of specific data made impossible even some

of the statistical breakouts that were feasible for Poland and

Czechoslovakia. 
12

11. The twelve countries represented are Belgium, Canada, France,
West Germany, Italy, Japan, the Netherlands, Norway, Spain, Sweden,
the United Kingdom, and the United States.

12. Soviet R&D (especially military R&D) is of course a special-
ized and much debated topic. In view of the considerable effort that
is already being devoted to study of this area, both within the US
government and outside it, and the controversial nature of the find-
ings, it was agreed early between IDA and the Department of State
that this project would make no attempt to explore or reconcile the
various points of view. We have simply reported without comment the
figures available in UNESCO data.
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The Third World states are covered only in the UNESCO surveys.

While these are invaluable in that they have made possible the

coverage of the R&D activities of a much wider group of countries
than the OECD membership, the specific data are much spottier.

In short, the countries on which we have data are not always the

countries we would like to cover, and vice versa. Thus, for example,

we have no information at all on South Africa, though there are fairly

good data for Mauritius and Madagascar. Unfortunately, we have no

expenditure data on Egypt--and very limited manpower data. While we

have fairly good expenditure data on Israel, only one year is covered.

We have nothing on Indonesia. There are very poor data on virtually

all Latin American countries, but the situation is better for the

Falkland Islands. And so on. The net result is that, while we can

give a general picture in fairly gross terms of R&D in the Third

World, the picture is fuzzy and it has blank spots. On the other hand,

by far the greatest part of the world's R&D is performed in the OECD

and in a few Soviet bloc countries. Our lack of precise knowledge

about Third World R&D, therefore, has little real impact on a world-

wide surrnary such as this.

3. The Question cf Comparability

a. General. Implicit in the objective of assessing the R&D

efforts of foreign countries is the idea that these efforts should be

compared, both with one another and presumably with the R&D effort of

the United States. This report has been organized, therefore, so as

to facilitate interstate comparisons. It is imperative, however, that

there be some awareness of the dangers inherent in such an enterprise.

The basic problem is that it has proven to be very difficult to assure

that consistent standards, definitions, and concepts pertaining to

R&D were used in all countries. The question of whether the statisti-

cal description of, say, sources of funding for R&D in a given country

is really comparable with the ostensibly similar description of R&D

in another country arises more frequently within certain sets of states

than within others; but even within groupings such as the OECD, where

a great deal of effort has been expended on resolving the formidable

18
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problems involved in developing internationally accepted methods of

aggregating R&D data, the fundamental problem remains: there is

always the possibility that the statistical profile of research and

development generated by the national authorities of one country will

be assembled in accordance with criteria that are not consistent with

those used in other countries.

The greatest discrepancies exist between the set of states that

has been the subject of the OECD surveys and the set of states that
has reported only to UNESCO. Here the differences in the reliability

and comparability of the data are so great that only a few, heavily

qualified summary comparisons have been attempted in this paper. For

the most part, the statistical data and the associated analyses of

research and development in the OECD and non-OECD areas have been
segregated into separate chapters. Analysis of a comparative nature

is restricted almost entirely to the states which fall within one or
the other of these two groupings, each of which presents peculiar data

problems of its own.

b. The OECD area. The criteria developed by the OECD as a guide

to its member nations in collecting R&D statistics are to be found in

the so-called "Frascati Manual," published in its original form in

1963 and revised in 1969.13 While an extended treatment here of the

13. See OECD, Directorate for Scientific Affairs, The Measurement
of Scientific and Technical Activities: Proposed Standard Practice
for Surveys of Research and Experimental Development: "Frascati
Manual." DAS/SPR/70.'10 (September 1970). The discussion in this
section draws heavily on this source, particularly pp. 3-21.

A few words on the Frascati Manual itself might be in order. This
publication resulted from a meeting of OECD statistical experts in
Frascati, Italy, in June 1963, convened as a study conference on the
technical problems of measuring R&D. OECD interest in this question
dated back to OEEC (Organization for European Economic Cooperation)

i days. In 1957, the Committee for Applied Research of the European
Productivity Agency of the OEEC began to convene meetings of experts
from Member countries to discuss methodological problems.

However, most OECD countries, stimulated by the rapid growth in
the amounts of national resources devoted to R&D, started to collect
statistical data in this field only around 1960. They followed the
pioneering efforts of a small number of countries, (continued)
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plethora of data problems discussed in this and other OECD sources is

obviously impractical, it is probably desirable to give the reader

some idea of the difficulties encountered by the OECD statisticians.

Most of these difficulties are associated with questions of defini-

tions and boundaries. The first task is to distinguish research and

development themselves from other closely related activities. Although

basic and applied research can usually be identified relatively easily,

even here there are intractable problems associated with activities

that are sometimes intimately intertwined in practice with research,

but which should be excluded from a survey of R&D. For example, as

the OECD notes, "in institutions of higher education, research and

teaching are always very closely linked, as most teachers do both.
" 14

Again, "institutions ... whose principal activity is R and D sometimes

also have secondary, non-R&D activities." 1 5 In principle, in each

instance, the former should be included and the latter excluded. In

practice, the two are usually difficult to disentangle. A more impor-

tant problem, however, is to determine the boundary between experi-

mental development and production or technical services. As the

authors of the Frascati Manual remark,

possibly the greatest source of error in measuring R&D
lies in the difficulty of locating the cut-off point
between experimental development and other technologi-
cal activities .... Errors at this point are particularly
significant because the costs of experimental development
are many times higher than the costs of research per ,
and the costs of trial production are higher still. O

including the United States, Japan, Canada, the United Kingdom, the
Netherlands, and France. But differences in scope, methods, and con-
cepts made international comparisons difficult and countries encoun-
tered theoretical difficulties in their attempts at R&D surveys.
When the Directorate for Scientific Affairs of the OECD took over the
work of the European Productivity Agency in 1961, the need was widely
felt for some attempt at standardization of the kind undertaken for
economic statistics. The Frascati Conference, convened to study a
draft document prepared by a consultant, Mr. C. Freeman, was the
result.

14. Ibid, p. 15.

15. Ibid, p. 17.

16. Ibid, p. 19.
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5 The construction of prototypes and pilot plants is an example of the

kind of borderline activity that often shades over time by insensible

degrees from experimental development into commercial application.

There is obviously a very real possibility that different national
authorities may use differing subjective criteria to resolve the

judgmental problems inherent in affixing cutoff points to what is
often in reality an uninterrupted process. To the extent that this

I does in fact occur, the reliability of cross-national comparisons is
affected.

i At the very beginning, therefore, one encounters serious basic

difficulties in defining research and development. Once one proceeds

to the next task, that of defining and setting the boundaries ofcate-

gories within the field of R&D, new problems emerge. Because there is

something approaching an infinite regress to these problems, only two

general examples will be mentioned here: those associated with

boundaries between types of R&D activities and those associated with

inter-sectoral transfers of funds.

In accordance with accepted international practice, the OECD dis-

tinguishes three categories of R&D: basic research, applied research,

and experimental development. After several pages devoted to an

explanation of these terms, the authors of the Frascati Manual make

the following observation:

The three categories nf R and D may sometimes be carried
out in the same centre by Fubstantially the same staff.
In real life, R and D activities do not necessarily
fall into the three successive and distinct categories
defined above. For survey purposes, artificial
divisions may have to be made in what is more or less
a continuous process and th,, 4ppropriate allocation
of a given R&D activity to one ot Lhe categories may
be neither natural nor obvious.

17

*| It is not to deprecate the labors of the OECD statisticians or the

I national authorities that report to them to -.,,te that the data they

have compiled on types of R&D activity probably constitute a very

17. Ibid, p. 11.
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imperfect approximation of reality. Yet this is only one among a

host of analogous boundary problems.

As for inter-sectoral transfers of funds, much depends on the

initial decisions as to which sector is actually the source of R&D

expenditures. One question of no small importance in terms of the

magnitude of its impact on the data concerns the flow of financial

resources from the Government sector to the Higher Education sector.

In some statistical series, funds supplied by the Ministry of Educa-
tion to the Higher Education sector are considered as that sector's

own funds. The result is that the Government sector appears to be

the source of less monetary support for R&D, the Higher Education

sector appears to supply more, and the inter-sectoral transfer seems

to be smaller than would be the case if the series reflected what is

actually taking place. 18 When some OECD nations aggregate their

statistics on transfers of funds between sectors in accordance with

the practice outlined above, while others do not, intra-OECD compari-

sons may very well lead to erroneous generalizations about how certain

states and groups of states allocate their funds.

Perhaps enough has been said to alert the reader to the need to

maintain at all times a critical attitude toward what may appear to

be, but clearly are not, "hard" data. But if it is best to approach

OECD materials with caution and some skepticism, it is also necessary

to be reconciled to what is and is not possible. The data gathered

by this Organization have been assembled in accordance with the most

sophisticated methodology used today in international surveys of

research and development. The data are the best available and, con-

sidering what is feasible at present and the nature of the activity

under investigation, they are reasonably accurate and can be used for

comparative purposes--especially in gross terms.

c. The UNESCO Area. The problems of the OECD in regard to defini-

tions and boundaries of R&D categories exist and are compounded in

the UNESCO data. The most obvious additional difficulty i. the wide

range of political and economic systems in the countries covered by

18. For an extended discussion of this particular problem, see
Table D-4, note c.
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UNESCO--including not only all the OECD countries, but also

3 Communist-governed, industrialized states (such as the Soviet Union

or Czechoslovakia), and relatively unsophisticated economies and

political systems such as, say, Chad or Ghana. To mention only one

example of the kinds of problems stemming from this factor, some new
"sector" definition was clearly required to supplant the OECD's

Private Enterprise category ir order to encompass "productive enter-

prise" (UNESCO's new category) in Communist and capitalist states.

It is worth quoting here at some length from UNESCO's introduction

to its "Science and Technology" section in the Statistical Yearbook

1971, in order to make clearer some of the comparability problems

involved in the UNESCO data:

Effectively, the data were collected in several stages
utilizing questionnaires which differed somewhat from
one another. Most of the data were obtained from
replies to the second in a series of annual surveys of
manpower and expenditure for research and experimental
development sent to the Member States of Unesco during
1970. This material has been completed or supplemented
by data collected in the first annual survey and in
earlier questionnaires sent to different groups of
countries for various specific purposes, between 1966
and 1968.

In utilizing these results the reader should keep
in mind the factors which have an obvious bearing on
the comparability and the degree of accuracy of the
data. Science statistics have not reached the same
stage of development in all countries. Whereas some
countries have established systems of science data
collection by means of regular surveys, others are
just beginning to initiate systematic and comprehen-
sive inquiries into their R&D activities and, of course,
there are others which have yet to begin such an
effort. Additionally, national statistical practices
and concepts are not necessarily designed for the
specific requirements of international comparisons.
Consequently, most countries had to re-arrange their
existing national data and often prepare estimates
for the specific purposes of the Unesco inquiries.
Very few countries were able to organize ad hoc surveys
whose classifications and definitions conformed with
those proposed in the Unesco questionnaire....

... an important example of inconsistency is the
subject coverage, where some countries included R&D in
the social sciences and others omitted this significant
segment of R&D, whilst for many European countries as
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well as countries of other continents the coverage
includes not only humanities, in some cases insepar-
able from social sciences, but other fields such as fine
arts, pedagogy and law.

The absolute figures for R&D expenditure should not
be compa[.ed country by country....

In many instances exceptions are indicated by foot-
notes. However, the absence of footnotes does not
necessarily imply that the t gures given agree with the
established definitions.... (Emphasis added.)

It could be added that the UNESCO footnotes make it clear that all

countries did not report fully the R&D activities within their borders.

Some countries failed to report private enterprise or higher educa-

tion; others did not report military R&D expenditures; and others

reported for only one or more specific entities (for example, Chad

reported for only two specific research institutes; Iraq for only

the Council of Scientific Research; and Pakistan for only the Pakistan

Atomic Energy Commission and the Pakistan Council of Scientific and

Industrial Research).

The dangers in making international comparisons using these data

should be very clear, even aside from UNESCO's own insistence that

such comparisons should not be made. In this paper we have neverthe-

less used the UNESCO data to make comparisons between different

countries. It is our belief that if the reader is made fully aware

of the qualifications involved, as we have attempted to do, he will

not draw specific conclusions from these comparisons but will still

be assisted in the making of useful general inferences.

Perhaps a word should be said here in defense of the UNESCO data,

since the above picture appears to have been painted so blackly. The

task undertaken by the UNESCO Division of Science Statistics in

assembling worldwide R&D statistics was truly a staggering one, and

their accomplishments so far constitute a considerable tribute to

their technical skill and persistence. Each year the UNESCO R&D data
become more comprehensive and reliable. In the meanwhile, UNESCO is

the only international organization attempting to stimulate on a

19. UNESCO, Statistical Yearbook 1971 (Paris, 1972), p. 576-77.
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3 worldwide basis more precise studies of national science policies and

national R&D statistics.

4. The Question of Exchange Rates and Deflators

Still another problem complicating the effort to create a reliable

statistical basis for cross-national comparisons of expenditures on
R&D is that the figures provided by the national authorities to the
OECD or UNESCO are denominated in local currency units, units which

must be converted into one common unit before international compari-

sons can be made. Where a unit has been chosen it is the US dollar,

and the conversion factor is usually the official rate of exchange
between the local and the US currency. This procedure has the advan-

tage of being relatively simple and is the one most often used in

making other international comparisons (including the OECD surveys),

but it carries with it the danger of seriously distorting the relative

levels of support for research and development in the countries being

compared. For one thing, the official rates of exchange may reflect

very imperfectly the rates that prevail in the open money markets or

that would prevail if national authorities did not intervene to support

their currencies. Moreover, as indicators of the domestic price

structures of countries, the official exchange rates are not refined

tools of analysis. The currency realignments of the early 1970s

suggest that the cross-national comparisons that are made in this

paper based on information published by the OECD in the form of US

dollars probably misrepresent the positions of the North American

countries, the European countries, and Japan relative to one another.

For example, in view of the revaluation of the Japanese yen

against the US dollar, it seems very likely that the magnitude

of the Japanese R&D effort relative to that of the United States

has been seriously understated, at least for the surveys taken in

the late 1960s.20  One can also anticipate that future R&D surveys

20. The fact that a comparatively large number of scientists and
engineers has been mobilized for research and development in Japan
points in the same direction. For a thorough analysis of the man-
power issue, see Chapter VI.
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of the early 1970s will show a meteoric increase in Japanese expendi-

tures on research and development in terms of US dollars, an increase

that will probably be substantial but will certainly be far more

moderate when measured in terms of Japanese yen. Thus, the process of

converting R&D data into US dollars at official rates of exchange

creates distortions even as it facilitates the task of making inter-

national comparisons.

These distortions, already a serious problem within the OECD area,

are of a much greater magnitude when one attempts to use this procedure

in making comparisons between OECD states, Communist states, and Third

World states, for the latter two sets of countries frequently maintain

completely unrealistic official rates of exchange between their cur-

rency and the US dollar. It is probably for this reason that UNESCO

has chosen to present its R&D statistics in the national currencies

of the responding states. Since, for purposes of international com-

parison within this paper, we still needed to convert those currencies

into US dollars, we resorted to the exchange rates developed by the

International Institute of Strategic Studies (London) when we felt the

official rates were unrealistic.
21

What would be needed to avoid these difficulties is a special

"research exchange rate" that would accurately reflect the relative

costs of labor, materials, equipment, and buildings used in research

and development in the countries being surveyed. It is because this

information is simply not available that the statisticians have had
rei-ourse to the currency exchange rates.

22

It remains to mention the question of inflation. Most information

on R&D expenditures is published in current prices, the main exception

21. Official exchange rates were felt to be unrealistic in the
ca-e of the Communist countries, and here we have substituted the
r ites appearing in the annual issues of The Military Balance,
published by the International Institute tor Strategic Studies,
London. See the "Series J" appendix for a complete listing of
exchange rates used in this study.

2?. See the OECD Frascati Manual, pp. 62-3, and particularly
Appendix II, Pioneering Ettorts in Calculating Research Exchange
Ri.tes, pp. 66-7T.
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I being the OECD's work in the area of governmental objectives. It is

hardly necessary to add that the consequence is a systematic exaggera-

3 tion of the growth in real R&D expenditures over time. Due to con-

straints imposed by time and resources, this distorting factor could

not be removed from most of the data drawn from the OECD and UNESCO

sources. Where it was removed--for gross expenditures on R&D in OECD

member countries--it was necessary to choose a deflator. Ideally, it

would have been desirable to have an "R&D deflator"; but as was the

case with the "R&D exchange rate," generally accepted standards were

I not to be found. In their absence we decided to use a GNP price de-

flator, as the OECD did in preparing its study of government expendi-

tures on R&D by objectives. This corrected to some extent for the

effects of inflation but probably still misrepresented the actual
trend of expenditures on R&D.

5. Conclusion

While the cumulative effect of the above data problems and limita-

tions must be to distort seriously our picture of the R&D activities

being monitored, these problems differ only in degree from any other

statistical enterprise. Specifically, they should engender caution

in attempting to make fine-grained comparisons between countries or

I activities. The greatest value of the following data is probably to

be found in their utility as guides to general relationships, broad

jtrends, and orders of magnitude in the allocation of financial and
manpower resources for research and development. If viewed in this

1light, the OECD and UNESCO statistics analyzed in this paper should
be of considerable usefulness to those interested in R&D and science

Ipolicy.

2
I
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I III

ALLOCATION OF FINANCIAL RESOURCES TO RESEARCH AND
DEVELOPMENT BY OECD MEMBER NATIONS

A. GROSS EXPENDITURES ON RESEARCH AND DEVELOPMENT (GERD)

1. Trends in R&D Expenditures in the OECD Area as a Whole

During the eight years between 1961 and 1969, R&D spending in OECD

countries doubled from $21.1 to $40.8 billion.1 Much of this in-

jcrease was, however, more apparent than real. If one discounts the

effects of inflation, GERD for the area grew by a little more than

one-half as much, from $21.1 to $32.2 billion.2 The widening gap

between the expenditure figures when expressed in current and in
fixed prices can be seen in Figure 1, which also shows that spending

on R&D in the OECD area in US dollars of constant value was tending

to level off in the closing years of the decade. This slackening in

the rate of real growth in R&D expenditures is one of the most signifi-

cant trends to emerge from the data.

2. Major Differences Among OECD Member Nations in Levels of Funding
for R&D: The Situation in 1969

The range in the amount of financial support provided for research
and development by the member states of the OECD is very great. The

twenty countries that responded to the Organization's survey fall

naturally into three groups: (1) the United States; (2) France, West

Germany, Japan, and the United Kingdom (the so-called "Big Four");

1. See Table A-I. All tables carrying a letter and number
designation will be found in Part Two. The exchange rates used in
preparing the data for this study are discussed in the Series J
appendix, which begins on page 317.

2. Table A-2. The procedure by which the figures on R&D expen-
ditures shown in Table A-i in current prices were adjusted to account
for the effects of inflation is discussed at length in the note on
sources appended to Table A-2.
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Figure 1. TOTAL OECD EXPENDITURES ON R&D DURING THE
1960s IN CURRENT AND 1961 PRICES

3nd (z) all other OECD member nations. 3The Unite d States, as has

already been mentioned, is in a class by itself. In 1969 it accounted

for no less than 65.2 percent of all R&D expenditures in the uECD

-irea. 4The BgFour conducted most of the rest: 25.4 percent in

19609. Collectively, the fifteen remaining OECD respondents supplied

only a little more than 9 percent of the regional total. Because

the first five countries clearly overshadow the other fifteen,

developments in the form~er will be highlighted in this chapter.

These countries wil? be referred to as the "Major States."

3. The response to the OECD request for data on gross expendi-
tures was very good. only five countries did not respond: Australia,
Iceland, Luxembourg, and the two associate members, Yugoslavia and
New Zealand. These five never appear in the more refined breakdowns
of GERD. A varying number of other states is also missing from these
tabulations.

4. Table A-3.
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Table 1

NATIONAL GERD AS A PERCENTAGE OF TOTAL R&D EXPENDITURES
IN THE OECD IN 196 9a

>60 5-7 l 1 -10.2-0.5 <0.2

UNITED STATES 65.0 FRANCE 6.6
WEST GERMANY 6.5
JAPAN 6.4

(UNITED KINGDOM 6.0
Canada 2.4 Swi2zerland 0.9u Dena rk 0.36 Spain 0.16
Ialy 1.7 Seden 0.30 ,oruway 0.24 Finland 0.16
Netherlands 1.4 Belgium 

0
.6

4  
Austria 0.21 Turkey 0.12

Ireland 0.05
Greece 0.04

n r . . . . . . . . . .. .Portugal 0.03
1. (r nearest year available.

curce: Table A-,.

Table 1 provides a more detailed breakdown of the percentage

distribution of gross expenditures within the OECD in 1969, the year

of the last major R&D survey undertaken by that organization.5 It
will be seen that the share of the United States was roughly ten

times as large as that of any one of the Big Four, all of which fell
within a fairly narrow range of from 6.0 to 6.6 percent of the area

total. Each of these four, in turn, accounted for a share that was
at least two-and-one-half times as large as that of Canada, the next

most important performer of R&D. That state and two others (Italy

and the Netherlands) were the only ones with shares larger than 1

percent.

The distribution of states according to their shares of total R&D

expenditures in the OECD area is a reflection of, and is of course

5. Table 1 is the first of the stratified cluster tables to
appear in this chapter. Here, and in all other such tables, the
responding member states are grouped according to two criteria. First,
the five Major States are isolated in the upper part of the table; all
others are located in the lower part. Second, the entire group of
states is distributed among a number of "cells" defined in terms of
ranges of values of the variable under investigation.
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duplicated by, the distribution of states according to the absolute

sums of money allocated to R&D. Once again, the range is great, so

great that it was necessary to resort to an unusual expedient in con-

structing the display of national expenditures that appears in

Figure 2. The scale on Chart A of Figure 2 runs from zero to $28

billion (in current prices). The United States soa-s high above the

Big Four, which cluster close together at the bottom. Some distance

below them is Canada. And below Canada are crowded the remaining

fourteen OECD member states. To show the relative position of these

countries, two other charts had to be added. That part of Chart A

which falls between zero and one billion dollars was expanded to make

Chart B. Here, although there is no gulf analagous to that which

separates the United States from the Big Four in the first chart,

Canada is shown to be funo"ing approximately ten times as much R&D as

Norway, the state at the bottom. Thart C, similarly, is an expanded

version of that part of Chart B which falls between zero and $100

million. in this chart, Norway ranks first an,' i- shcwn to be fund-

ing roughly ten times as much R&D as Portugal, the stat,, which -anks

last.

The impression one obtains from Figure 2 of tremencous variations

in the level of support for research an(u dvlopment among the OECD

nations emerges with greater clarity when one examines the actual

figures. Those are supplied for 1969 in current IiS dcllars in the

upper portion of Table 2. Some $26.6 billion was expended in the

Inited States; from $2.4 to $2.7 billion in each of the Big Four. No

other country generated as much as $1 billion for purposes of research

and development. The remaining states cluster together in much the

same fashion as they did in Table I.

In the earlier discussion of trends in expenditures for the OECD

area as a whole, a contrast was drawn between the large apparent

increase in funding in terms of current US dollars and the more modest

real increase in terms of 1961 US dollars. Table 2 h3s been con-

structerl so as to facilitate the making of a similar contrast for the

individual member states of the Organization. For each country there
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I Figure 2. GROSS EXPENDITURES ON R&D BY OECD MEMBER
NATIONS IN THE 1960si (in millions of current US dollars)

35

I

!



cc) WC~j mn-i co C:) \o m

V~i >u:0

:j 0- " 'HH 4-
F-4 CW () o-

Cmm~ MI0 1 ()r- IC)

I TI) 4-' C 'r' '

o o u)~-

TN "' N 'HT C'T, (") r. C",

N Cm

C* Cm 0 C ' C)C
co (-' TTL H-i-T tT'"

C lil LrT114 -' WH

'.-1

fD -H _ ) c

CUcl L"'
T 

I') I O CI

'Ll p

c)

CD

C)N-C

GJ~4 0 m' )-

U)) WT'
r~1 -

0 T4-)

H __'~ _

I-A '36



I

I
is of course a decrease in the level of support, by far the most
dramatic being the almost $5 billion drop in US funding from $26.6 to

$21.7 billion. The United States, in other words, accounted for more

than one-half of the $8.6 billion drop in total OECD expenditures

that occurs when the 1969 figures on GERD for the OECD area as a

whole are adjusted to remove the effects of inflation. As one might

expect, this decrease has caused a number of countries to fall into

a lower funding category. Among the Major States, for example,

France, the United Kingdom, and Japan move down one category. In

spite of considerable differences in the rates of inflation, the

rank order of the responding countries changed very little when the

effects of inflation were neutralized. West Germany supplanted

France as the leading performer of R&D among the Big Four, and Japan
fell below the United Kingdom, but the four leading states were still

clustered very close together.

A review of the data just presented on GERD strongly suggests

that there is a relationship between the level of a nation's expendi-

tures on R&D and the size and stage of development of its economy.

All of the Major States are large, wealthy, highly industrialized

countries. The others are either large but less developed (Italy),

developed but medium sized (Canada) or small (the Netherlands,

Switzerland, Sweden, Belgium, Denmark, Norway, Austria, and Finland),

or small and underdeveloped (Ireland, Turkey, Spain, Greece, and

Portugal). The small developed states (Switzerland, Belgium, the

Netherlands, and the Nordic countries) tend to spend more on R&D than

the small underdeveloped states.

One last remark remains to be made before closing this section on

major differences in levels of support for R&D. The absolute amounts

of resources available for research and development in each country

are spread across such a wide range that, in subsequent sections of

5 this chapter that deal with the analytical categories into which

GERD is broken down, the same clusters of states will be found to

I recur over and over again. In most cases, US expenditures are far

higher than those of any other state, and the Big Four occupy the
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places from second through fifth in the rank order. Among the other
fifteen countries, the same six tend to slide toward the bottom

reaches of the scale,6 and the same nine tend to be located in its

middle ranges.7 In its general outlines, the pattern described in
this opening section will be encountered repeatedly in the following
pages of this chapter.

3. Expenditures on R&D Compared with National Wealth

States may be ranked not only in terms of the absolute sums they
devote to research and development but also in terms of their rela-

tive R&D intensity as reflected in the share of their gross national
product (GNP) that is allocated to R&D. As Table 3 shows, the range

Table 3

GERD AS A PERCENTAGE OF GNP AT MARKET PRICES IN 1969a

>2.0 1.5-1.9 1.0-1.4 T _0. 5-0.9 - 0.

UNITED STATES 2.8 FRANCE 1.9
UNITED KINGDOM 2.41 WEST GERMANY 1.7

JAPAN 1.5

Netherlands 2.1 Canada 1. Denmark 0.9 Turkey 0.4
Switzerland 2.1 ' Sweden 1.3 Italy 0.8 Spain 0.2

Belgium 1.1 Austria 0.7 Greece 0.2
Norway 1.0 Finland 0.7 Portugal 0.2

Ireland 0.6

'I. or nearest year available.

curce: Table A-4

6. Spain, Finland, Turkey, Ireland, Greece, and Portugal. Not
all of these responded to every part of the OECD questionnaire.

7. Canada, Italy, the Netherlands, Switzerland, Sweden, Belgium,
Denmark, Norway, and Austria.
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3 is very narrow compared with the range in expenditures: from a low

of 0.2 percent for Portugal to a high of 2.8 percent for the United

States. 8 In general, it appears that, relatively as well as absolutely,

I the Major States devote more of their resources to R&D than do the

smaller, less developed countries. Of the seven countries that allo-

cate more than 1.5 percent of their GNP to research and development,

five are Major States. 9 The six countries that rank last are the

same six countries that rank last in expenditure. Within the group

of nine countries that occupy the middle range in the distribution of

GERD, Switzerland and the Netherlands move into the highest category

of R&D intensity, where they rank just below the United Kingdom and

the United States. Otherwise the rank order remains much the same.

It would appear, therefore, that there is a definite positive

correlation between the size of a country's GNP and the portion of

national wealth the country is prepared to channel into research and

development. When one turns to a second indicator of the degree of RGD

intensity--the relationship between per capita GNP and per capita

GERD--the correlation is not as easy to establish.

As Figure 3 reveals, there is a much greater divergence among

countries in terms of their per capita expenditures on research and

development than there is in terms of their per capita GNP.10 On a

per capita basis, the United States in 1969 spent $131 on R&D, twice

as much as did Switzerland, the state which ranked second with $63.

8. Whereas the percentage of GNP devoted to R&D in the United
States is fourteen times as large as the comparable percentage for
Portugal, US funding of R&D is 2400 times as large as that of
Portugal.

9. Note that--with the exception of the United Kingdom, which
moves from fifth to second place--the five Major States are ranked in
the same order they were in the upper portion of Table 2, which showed
GERD in current US dollars.

10. Only thirteen countries are included in Figure 3. For data
on an additional six states, all of which rank below Finland in terms
of both per capita GERD and per capita GNP, see Tables A-5 and A-6.
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3 And Switzerland's per capita expenditures were more than four times

as large as the $14 devoted to R&D by Finland, the state which ranked

last. Yet the per capita GNP of the United States was less than two-

and-one-half times that of Finland. This divergence in per capita

capabilities and per capita commitment to R&D raises questions as to

why countries like the United States and the United Kingdom support

a disproportionately heavy burden of expenditures on research and

development and why other states fund R&D at a lower level than their

per capita resources would permit.

This is not to say that there is no relationship between per

capita national wealth and per capita spending on R&D, only that the

relationship is somewhat imprecise. With the notable exception of

the Major States, which are ranked in the same order according to

both criteria, it is only possible to order the member countries of

I the OECD by broad groupings. Sweden, Canada, and Switzerland cluster

near the top in terms of both per capita GNP and per capita GERD.

Denmark, Norway, and Belgium come next, followed by Finland, Austria,

Italy, and Ireland, and then Greece, Spain, and Turkey. The factr that this order, rough as it is, does exist suggests that R&D may be

regarded as a luxury, that per capita support for this activity will

therefore tend to rise only as per capita income increases, and that

once per capita income does begin to rise, spending on R&D may rise

even faster.

4. Trends in R&D Expenditures in OECD Member Nations

1During the 1960s, as can be seen from Figure 2, R&D expenditures

increased in all responuing member states of the OECD. This holds

true even when the figures are adjusted to remove the effects of

i inflation. 11

Between 1961 and 1969, US expenditures grew by 70 percent from

ID $15.7 billion to $26.6 billion. Calculated in 1961 dollars, however,

the increase was less impressive: 38 percent to $21.7 billion.

S11. Compare Tables A-1 and A-2.
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The most important point to be made here is that US spending on R&D

grew at a much more rapid rate in the early 1960s than it did toward

the latter part of the decade. Table 4 shows that, in the four years

between 1961 and 1965, the average annual rate of increase in R&D

Table 4

COMPARATIVE GROWTH OF GERD AND GNP IN SELECTED MEMBER COUNTRIES
(average annual rate, at 1961 prices)

1961 to 1965 1965 to 1969 1961 to 1969
a

Country GNP GERD GNP GERD GNP GERD

FRANCE 6.0 16.9 8.1 6.7 5.5 12.4
JAPAN 8.4 10.9 10.1 12.4 9.6 11.9
WEST GERMANY 4.9 16.2 1.3 7.6 2.8 11.3
Canada 6.3 12.1 8.1 7.5 7.2 9.7
UNITED STATES 5.5 7.6 4.2 1.5 4.9 4.5
UNITED KINGDOM 3.6 2.5 2.3 3.0 2.8 2.7

a. Ranked in the order of rate of growth of GERD between 1961
and 1969.

Source: OECD, R&D Trends and Objectives, Appendix, p. 6.

expenditures was 7.6 percent, considerably higher than the rate of
increase in GNP.12 The comparable figure for the four years between

1965 and 1969 was only 1.5 percent, considerably lower than the GNP

growth rate and far below that of most of the other Major States.

Nevertheless, in 1969, as in 1961, the United States towered

above all other countries in terms of the financial support given to

research and development. In 1961, US GERD was 8.5 times that of

the second-ranking state (the United Kingdom). In 1969 the GERD of

the second-ranking state (West Germany) was about one-tenth that of

the United States. But the relative position of the United States

had deteriorated. Whereas in 1961 the ratio of US expenditures to

the collective expenditures of the Big Four was 3.6:1, by 1969 the

ratio had declined to 2.6:1. As a consequence of this trend, the US

12. Note that these rates are calculated at 1961 prices.
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I share of OECD GERD contracted from three-fourths to two-thirds of

the total.

Over the eight years under review, the most significant change

in the relative position of the Big Four was that, while they began

with the United Kingdom clearly far in the lead and the other three

I states clustered together some distance below, they ended with all

four grouped closely together (see Figure 2).1 3 In 1961 the GERD of

the United Kingdom was $1.8 billion, at least twice as large as that

of France, West Germany, or Japan, whose respective GERDs ranged

from $765 to $915 million. In 1969, in contrast, the R&D expenditures

* of the Big Four all fell within a range of from $2.4 to $2.7 billion.

The average annual rate of growth in GERD in the United Kingdom

was much lower than that of the other three. Referring again to

Table 4, we see that the rate for the period from 1961 to 1969

(calculated in 1961 prices) was 2.7 percent, less than one-fourth

that of West Germany, Japan, or France, whose respective rates were

11.3, 11.9, and 12.4 percent. These rates conceal several important

trends affecting the relative positions of these last three states.

Between 1961 and 1965, expenditures on R&D in France and West Germany

increased at very rapid average rates of more than 16 percent per

year; that of Japan was much lower--about 11 percent. In the succeed-

ing time period (from 1965 to 1969), the average annual rates of the

former two fell dramatically to 6 or 7 percent, while that of Japan in-

creased to more than 12 percent. If this trend continues, Japanese

GERD will soon be much larger than that of any other single member

of the Big Four.

Perhaps the most important observation to be made about the eight

remaining OECD nations for which a time series is available is that,

whatever the differences in their relative growth rates may have been,

they were not large enough either to change the order in which these

* -countries were ranked or to close the gap between them and the

13. This generalization is not materially affected when the
* figures on GERD are recalculated in terms of 1961 US dollars.
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Major States. The country that consistently had the sixth largest

GERD in the OECD was Canada. In 1961, Canadian expenditures were 47

percent of those of the last among the Big Four. By 1969 they were

only 40 percent of those of the United Kingdom, the state that re-

placed Japan as the lowest ranking Major State. The dominant position

of these five countries has not been threatened.

B. SOURCES OF FUNDS

The OECD analyzes gross expenditures on research and development

in terms of five institutional categories that function both as

sources of funds for R&D and as sectors in which R&D is performed.

These five are Government, Business Enterprise, Higher Education,

Private Non-profit (PNP), and Abroad.

Business Enterprise and Government together supply more than nine-

tenths of the money allocated to research and development. For

eighteen out of the nineteen respondents to the 1969 survey, the

combined shares of the Higher Education, PNP, and Abroad sectors came

to less than nine percent of total expenditures.14 Accordingly,

these last three sources of funds have been excluded from the

discussion, and the analysis has been focused on the two dominant

sectors. For both of these, the OECD has used three indices to

compare the relative position of the responding countries: (a) the

absolute level of funding originating in the sector, (b) the share of

14. See Table B-I. The exception is Portugal. For six
countries (among which are two Major States) the statistics presented
in Table B-I reflect OECD adjustments of national data. These adjust-
ments in each case entail attributing to the Government rather than
to the Higher Education sector funds devoted to R&D by colleges and
universities but supplied by the Ministry of Education. That the
effect on the respective shares of the two sectors is substantial
can be shown by considering the data for France and Japan. In France,
the share of Government as a source of funds increases from 50 to 63
percent, while that of Higher Education decreases from 13 percent to
virtually zero. In Japan, the Government's share expands from 14 to
27 percent, while the share of the Higher Education sector contracts
from 18 to 5 percent. See note d to Table B-I and Table D-4, note c,
for a detailed discussion of thiT problem.
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the sector in total national R&D expenditures, and (c) the share of

the sector's expenditures in the gross national product. For the

Government sector, a fourth index has been devised: the share of

government spending on R&D in total government expenditures.

1. Government

a. Expenditures in Absolute Amounts. The level of Government

support for research and development in the five Major States during

the 1960s is shown in Figure 4 in terms of billions of current US

dollars. Here, as in almost all comparisons of expenditures, the

United States appears to tower over all other countries. The US

government in 1969 spent from nine to twenty-two times as much as the

government of any one of the Big Four. As for developments over time,

Government spending on R&D rose in all five states between 1963 and
1967 and then, between 1967 and 1969, leveled off in the United States

and declined in France and the United Kingdom, the two countries that

ranked second and third after the United States in terms of state

support for research and development. Only in the two low-ranking

states, West Germany and Japan, did the flow of money tend to

increase.

The situation in 1969 is revealed in greater detail in Table 5.15

The United States, with government expenditures of $15.3 billion, was

in a class by itself. France led the Big Four with almost $1.7

billion. Following some distance behind were the United Kingdom and

West Germany, with $1.2 and $1.0 billion, respectively. Japan did

not even reach the $1 billion level.

Among the remaining OECD nations, Canada ranked first with govern-
mental expenditures of about $600 million, not much less than those

of Japan. The gap was much greater between Canada and the three states

that followed next: Italy, the Netherlands, and Sweden, with govern-

mental expenditures of $340, $220, and $150 million, respectively.

The governments of the other nine responding countries all devoted

less than $75 million to research and development.

15. Data for earlier years will be found in Table B-2.

45



20-

W 1967

1969

19 ( j 9&

4 1)

,

In it-p1 U ij wei
Kingdom 2err.-< cny Jp

Figure 4. GOVERNMENT EXPENDITURES ON R&D IN THE 1960s

Table 5

GOVERNMENT EXPENDITURES ON R&D IN 1 9 6 9 a
(in millions of current US dollars)

;i:n1t Ent e ry I-.-
inn,)-i ))l -C)?

-17 1:T T T:TTI I F F7r 1, 6R T P!

WE7:T TR!EFW;Y 1,040 ___________________

Caiad-,i in v nrr-rk 7 ' re I n2
Tt~l4 zt7.C-l 3. i -.rpce

;ethe rLand .-. 'n e1-ji um ~ Prr ul
swelien 1-0 Au t ri P

46

C=j



I

3 b. Government Expenditures on R&D as a Percentage of GERD.

Several points emerge clearly from the information presented in
Figure 5 on the share of Government R&D funding in GERD in the Major

States during the 1960s. First, in every case, Government was an

important source of support for research and development. Even in

Japan, which ranked last among the five, the state provided more than
one-fourth of national expenditures in 1969. In the other countries,

the share was much larger: one-half in the United Kingdom, almost

three-fifths in the United States, and almost two-thirds in France.

Second, the basic orientation of these states did not change

during the 1960s. In 1963, 1967, and 1969, France, the United States,

and the United Kingdom relied most heavily on Government backing for

R&D, while West Germany and Japan looked to non-Government sources of

support.

Third, by way of qualifying the above generalizations, it should

be noted that the role of Government as a source of funds seems to be

declining in all five of the Major States.

The OECD divides its member nations into two groups according to

whether their governments supply more or less than one-half of the

nation's financial support for R&D. The former are referred to as

"government-funded" countries; the latter, as "private-funded"

countries. This distinction is made in Table 6, which displays the

ratio of government spending to GERD in 1969. 16 The nineteen respond-

ing states are divided into two equal groups: ten government-funded

and nine private-funded. Te gap between France, the United States,

and the United Kingdom on the one hand and West Germany and Japan on

the other is more apparent than real. The twelve percentage points

that separate West Germany from the United Kingdom also separate the

United Kingdom from France and Japan from West Germany. The distri-

bution among the five is, therefore, more in the nature of a continuum

than a set of two clusters of states. This is even more true when

16. Data for earlier years will be found in Table B-1.
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Table 6

GOVERNMENT SPENDING ON R&D AS A PERCENTAGE OF GERD IN 16

"G-overnment- fundeM'1 countries " Private- funded " countries

>60 50-59 40-49 ,40

PR ANCE 63 UNITED STATES 58 WEST 3ERMANY 39
UNITED KINGDOM '1 JAPAN4 27

Portuqal 72 Norway 58 Italy 48 Netherlands 38
Greece 71 Ireland 5 Finland 46 Belgium 31

an~a6? Spain ~ l Austria 45 Swi'tzerland 21
Dernmark '~9 een ~

a. Or ne,-rec t year available.

~ource: Table B-i.
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3 the other countries are examined. The range is wider--from 70 per-

cent for Portugal and Greece to 20 percent for Switzerland--and most
of the countries do tend to cluster in the mid-range between 40 and

60 percent, but there are no great gaps between the states in terms

of government support for R&D as a percentage of GERD.

c. Government Expenditures on R&D as a Percentage of GNP. As

the OECD observes, "the simple percentages of GERD reveal the balance

between the sources of funds but do not relate government R&D funds
to national resources.,1 7 This requires that GERD as a percentage of

GNP by source of funds be calculated. This has been done. The

results for the Govcnment sector in 1969 are displayed in Table 7.18

Unfortunately, data were available for only twelve countries.

Table 7

GOVERNMENT EXPENDITURES ON R&D AS A PERCENTAGE OF GNP IN 1969a

!lih Significant ! Moderate Lo Very L-w
> 1 0.7' -1 0.5-0.75- 0. --0 ., 3,

;TTEI: 77AES .S WEOT kEPIANY 0.7 JFA 0 .
IT;TED KI0CDM 1.I

F0, :emE n. I

Candda 0.9 Norway 0.,I :,en rk r., *elgiT- 0.28
:ether1and, 0.9 Swed en 0. Tt,61y 0.:] Prtu a1 0.17

TrT1,arla 0. ? ' , reece 0.14
Fin Lin, 0.: Spain 0.10

. Cr , r'e t ypr ivailable.

-o e: iJblf }-d

17. OECD, R&D Trends and Objectives, p. 7.

18. Data for earlier years for the Government and Business
Enterprise sectors and a residual "Other" category will be found in
Table B-4.
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The only states for which the ratio of Government expenditures to

GNP was "high" (that is, more than 1 percent) were the United States,

the United Kingdom, and Prance. The other two Major States allocated

much less of their current resources to research and development.

West Germany fell into the "moderate" category with a ratio of 0.7

percent, while Japan with 0.4 percent devoted a "low" proportion of

its gross national product to government-sponsored R&D. The govern-

ments of Canada and the Netherlands, with respective ratios of 0.9

and 0.8 percent, placed greater emphasis on R&D than did those of the

latter two Major States. One of the more interesting facts to emerge

from Table 7, however, is that the ratios for ten out of the eighteen

responding countries indicated that R&D consumed a "low" or "very low"

share of national resources.

d. Government Expenditures on R&D as a Percentage of Total

Government Spending. State support for research and development may

be compared not only with a nation's total resources but also with

the total resources at the disposal of the government. In this case,

the data are unusually rich, and it was possible to construct for

twelve OECD member nations a consistent time series from the early

1960s to the early 1970s. The results for the five Major States are

displayed in Figure 6.19

The weight of R&D in total government current expenditures has

always been relatively small in Japan and West Germany. It is, how-

ever, slowly increasing: from 5.3 percent in 1961 to 6.1 percent in

1969 in Japan, and from 3.7 percent in 1961 to 6.0 percent in 1971 in

West Germany.

Of greater interest is the changing relative position of the

three countries whose governments have traditionally assigned the

highest priority in their allocation of state funds to research and

development. In 1961 the United Kingdom ranked second with a ratio

of 8.5 percent. By 1971, however, the ratio had declined to 7.1

19. Data for the remaining seven countries will be found in

Table F-3.
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Figure 6. GOVERNMENT EXPENDITURES ON R&D IN THE 1960s
AS A PERCENTAGE OF TOTAL GOVERNMENT CURRENT EXPENDITURES

percent, an, the United Kingdom had dropped to third place. The

United States began the decade with the highest ratio of all: 10.5

percent. This peaked at 13.1 percent in 1963 and then began to con-

tract until by 1971 it had fallen to 7.5 percent, only slightly

higher than that of the United Kingdom. The French government, in

contrast, assigned an increasing priority to R&D. Starting from 7.0

percent in 1961, it passed the United Kingdom in 1963 with a ratio

of 8.3 percent. Three years later, in 1966, it moved past the

United States into first place with a ratio of 11.8 percent. It

peaked in 1967 with 12.5 percent and then, like the United States,

began a steady decline and fell to 9.1 percent in 1971.

One after another, therefore, the three governments that have

placed the greatest emphasis on research and development have decided
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to assign a decreasing share of their resources on this activity.

Only the two governments that have placed least emphasis on R&D have
shown evidence of a willingness to devote a larger proportion of
their resources to research and development. As a result, the ratios

of government funding for R&D to total government expenditures have
tended to converge.

The relative positions of the governments of all twelve respond-

ing states in 1969 are shown in Table 8. The ratios of the Major

Table 8

GOVERNMENT EXPENDITURES ON R&D AS A PERCENTAGE OF
TOTAL GOVERNMENT CURRENT EXPENDITURESa

Uigh £iqnilicanr '.We rrl Low
>7 -7 - _ -_ _ _ <2

FRANCE 3.1 JAPAN (.1
UNITED STATES 7., WEST 7EF2A>Y 6.1INITED KINGDOM 7.1

Belqium h.9 %weden 4.2 pailt 1.9
Netherland: .4 Norway . 5

Canada 3.4
Italy 3.

i. Fiqures represent last yeir for which -ta -ire ,vilable: 1963), 1970, or 1971.

Source: Fable B-3.

States are higher than those of any other countries. Those for

Prance, the United States, and the United Kingdom indicate that a

comparatively high priority (that is, more than 7 percent) was

assigned to R&D, and those for Japan and West Germany reflect a

significant priority (5 to 7 percent) for this activity. Belgium
and the Netherlands also fell into the latter category. As for the

remaining five countries, their governments all assigned a "moderate"

or "low" priority to R&D.

e. Degree of Government Orientation. In Table 9, the four indi-

cators used by the OECD to compare the relative position of the
countries responding to its surveys are brought together to show the
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3 Table 9

DEGREE OF GOVERNMENT ORIENTATION IN R&D IN 1969a

R A N K I N G-C

Countryb  High Significant Moderate Low Very Low

Government funded:

Portugal $P
Greece $P
FRANCE P E $
Canada P $E
UNITED STATES $ P E
Norway P E $
Ireland P $
UNITED KINGDOM P E $
Spain $E P
Denmark $P

Private funded:

Italy $E P
Finland $P
Austria $P
Sweden $P E
WEST GERMANY $E P
Netherlands P E $
Belgium E $ P
JAPAN E $ P
Switzerland

a. Or nearest year available.
b. Countries are ra-ked within categories according to the size of

the share of their governmentts R&D expenditures in GERD in 1969.
c. Symbols used are as follows:

For Government R&D expenditures in dollars: $
For Government R&D expenditures as a percentage of GNP: P
For Government R&D expenditures as a percentage of

total Government expenditures: E

Source: Tables 5 through 8.

53



"degree of government orientation."20 The countries are listed in

the order of the size of the share of GERD supplied by the Government

sector as shown in Table 6.

The analysis by the OECD in 1967 of the relative positions of the

government-funded countries may be quoted virtually unchanged as an

accurate description of the situation in 1969.

The "government funded" Member countries fall into three
sub-groups. The first contains the United States, the
United Kingdom, and France where governments have large-
scale national R&D prograT-mes (notably in the defence,
space and nuclear fields) which absorb a relatively
"high" percentage of GNP and of all government resources.
Governments in the second sub-group of Member countries,
namely Canada and Norway, pursued less ambitious R&D
policies during the 1960s, absorbing "significant" or
"moderate" percentages of GNP and total government re-
sources, but they still spent relatively more on RFD
than the third sub-group, Greece, Portugal, and Ireland.

The data show that Spain and Denmark should now be added to this last

group.

Among the private-funded countries, none ranks high by any

criteria. In terms of both absolute sums and percentages of GNP and

government spending, West Germany and the Netherlands allocate

significant or moderate amounts to research and development. Italy

and Sweden follow next in the "moderate"-to-"low" levels of support

for R&D by all three criteria. Finland and Austria fall into the

"low" category. More difficult to classify are Belgium and Japan,

which devote "significant" percentages of government expenditures to

R&D, but "moderate" or "low" amounts of money and "low" or "very low"

shares of their GNP.

2. Business Enterprise

a. Expenditures in Absolute Amounts. It is useful to compare

the image of Business Enterprise support for R&D presented in Figure 7

20. Table 9 and the analysis associated with it were suggested

by OECD, R&D Trends and Objectives, p. 8.

21. Ibid.
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Figure 7. BUSINESS ENTERPRISE EXPENDITURES
ON R&D IN THE 1960s

with that for Government presented in Figure 4. In the United States,

Business spending on research and development was much higher than in

any other country, but the gap was much narrower than in the case of

Government spending. Business Enterprise expenditures were six to

eleven times as large in the United States as in any one of the Big

Four, compared with levels nine to twenty-two times higher for

Government expenditures.

The rank order among the Big Four was reversed. Japan came

second after the United States and was followed by West Germany, the

United Kingdom, and France.

During the 1960s, spending by the Business Enterprise sector rose

in the first two states, as did Government expenditures, but
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stabilized in the last two, where Government spending declined.

Business spending in the United States, like Government spending,

leveled off.

The situation in 1969 for all eighteen responding OECD nations is

shown in Table 10. By itself, US Business spent $10 billion, a sum

almost 50 percent larger than the combined expenditures of the Busi-

ness Enterprise sectors of the other seventeen countries. The Japanese

and West German Business sectors devoted $1.8 and $1.6 billion,

respectively, to R&D, substantially more than the $1.1 billion allo-

cated by Business in the United Kingdom and almost twice as much as

the $880 million spent by Business Enterprise in France.

Some distance below France in the moderate category came the first

of the smaller OECD nations, Italy and the Netherlands, with $350

million each. The only other countries in which the Business Enter-

prise sector provided more than $100 million for research and develop-

ment were Canada, Sweden, and Belgium.

b. Business Enterprise Expenditures on R&D as a Percentage of

GERD. The relative standing of the Major States in terms of the

share of total national R&D resources originating in the Business

Enterprise sector during the 1960s may be seen in Figure 8. As one

would expect, the states are ranked in the reverse of the order they

were in Figure 5, which showed Government spending as a percentage of

GERD. Throughout the 1960s, West Germany and Japan were states in

which Business supplied a large share of gross R&D expenditures. The

Business Enterprise sectors o,. the United Kingdom and, particularly,

the United States and France played a much less important role in

supporting their respective national research and development efforts.

The range of shares was wide: from a high of two-thirds of GERD for

Japan to a low of one-third for France. If there is any trend to be

discerned in Figure 8, it is that the importance of this sector is

tending to increase--since 1963 in West Germany and the United States,

since 1967 in Japan and France. Only in the United Kingdom has this

sector's share remained constant.
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3 Table 10

BUSINESS ENTERPRISE EXPENDITURES ON R&D IN 1 9 6 9a
(in millions of current US dollars)

High Significant Moderate Low Very Low

>2000 1000-1999 100-199 20-99 <20

j US 10,000 JAPAN 1,750 FRANCE 880
W. GERMANY 1,590
UK 1,060

Italy 350 Denmark 68 Ireland 9
Netherlands 350 Austria 45 Greece 4
Canada 290 Norway 38 Portugal 2
Sweden 210 Finland 31j Belgium 110 Spain 29

a. Or nearest year available.

Source: Table B-2.

I Percent

100 -

S90 -1967
1969
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70-
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Table B-1.

Figure 8. BUSINESS ENTERPRISE SPENDING ON R&D IN THE
1960s AS A PERCENTAGE OF GERD
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As it did in its analysis of the Government sector as a source of

funds, the OECD has divided its eighteen responding countries into

two groups, private funded and government funded, depending on whether

Business supplied more or less than one-half of GERD. This distinc-

tion has been drawn in Table 11 for the year 1969.22 One would expect

it to be a mirror image of Table 6; and, although a close comparison

reveals that some countries have shifted in category and rank order,

in general this is true. In this instance there does appear to be a

genuine gap among the Major States. The two private-funded countries,

Japan and West Germany, are at the far end of the spectrum with shares

of 68 and 60 percent, respectively, and are separated by sixteen per-

centage points from the first government-funded Major State, the

United Kingdom, with 44 percent. The range of values is, however,

continuous for the thirteen other OECD countries. What is notable is

that in only five of these does the Business Enterprise sector fund

more than 50 percent of research and development. One state, Belgium,

derives more than 60 percent of its R&D expenditures from Business.

Thus, in contrast to Table 6, in which the nineteen responding member

nations were divided about evenly between government-funded and pri-

vate-funded countries, Table 11 has the eighteen respondents distri-

buted unevenly, with seven in the former category and eleven in the

latter. The reason for this incongruity is, of course, that private

funding in Table 6 actually refers to all non-governmental funding,

that is, funding by Higher Education, PNP, and Abroad as well as by

Business Enterprise, while private funding in Table 11 reflects only

Business expenditures.

c. Business Enterprise Expenditures on R&D as a Percentage of

GNP. The most significant point to be made about Table 12, which

shows the ratio of Business R&D spending to GNP in eighteen countries~23 in 1969, is that for four out of the five Major States the ratios

22. Data for earlier years will be found in Table B-1. I
23. Data for earlier years will be found in Table B-4.
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Table 11

BUSINESS ENTERPRISE SPENDING ON R&D AS A PERCENTAGE OF
GERD IN 1 9 6 9a

"Private-funded" countries "Government-funded" countries

>60 50-59 40-49 <40

JAPAN 6e UNITED KINGDOM 44 UNITED STATES 38
WEST GERMANY 6C FRANCE 33

Belgium 61 NetherlanJs 59 Finland 49 Norway 39
Sweden 57 Denmark 47 Ireland 39
Austria 53 Spain 45 Canada 30
Italy 50 Greece 27

Portugal 16

a. Cr nearest year available.

Source: Table B-1.

Table 12

BUSINESS ENTERPRISE SPENDING ON R&D AS A PERCENTAGE OF
GNP IN 1 9 6 9a

Iigh Significant Moderate Low Very Low

il 0.75-1 0.5-0.75 0.3-0.' < 0.3

T'ITEP STATES 1.1 FRANCE 0. 6
TJSTED KINJOO 1.0
WEST SEF-ANY 1.0
JAPAN 1.0

Netherlands 1.2 Sweden 0.7 Denmark 0.42 Ireland 0.23
Belgium 0.6 Italy 0.40 Spain 0.09
Canada 0.5 Norway 0.40 Greece 0.05

Austria 0.37 Portugal 0.04
Finland 0.35

a. ,r nearest year available.

Source: Table B-4.
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were both "high" and essentially identical. The United States, the

United Kingdom, West Germany, and Japan all devoted 1 percent of their

gross national product to Business Enterprise R&D. France was two

categories further down, with Business spending at 0.6 percent repre-

senting a moderate proportion of GNP. The contrast with Table 7 is

striking. There the shares of Government expenditures in GNP are

spread over a much wider range (from 0.4 to 1.5 percent) and are, in

general, substantially higher.

Turning finally to the remaining OECD nations, we find that the

similarities between the two tables are more striking than the differ-

ences. In the case of both the Business Enterprise and the Government

sectors, the ratio of R&D spending to GNP is "low" or "very low" for

nine states (compare Tables 7 and 12). In both tables, only four

states have ratios that fall into a higher category. In both tables,

three of these four states are identical: the Netherlands, Sweden,

and Canada.

3. The Balance Between Covernment and Business Enterprise Funding
24

Among the ten countries identified as government funded in Table 6,

the United States and the United Kingdom have Business Enterprise

sectors that spend large sums on research and development, both in

absolute amounts and as a percentage of GNP, but their Government

sectors have ambitious R&D programs and spend even more. In France,

the Government is also heavily involved in R&D, but Business Enter-

prise provides comparatively little support for this activity. In

Canada and Norway, where Business expenditures on R&D are also rela-

tively low, Government finances more R&D, largely in order to make up

for this deficiency. Finally, in Portugal, Greece, Ireland, and

Spain, Government spends comparatively little on R&D, but Business

Enterprise spends even less.

24. This section attempts to summarize and update the commentary
on the 1967 data that appears in OECD, R&D Trends and Objectives,
p. 11.
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Among the seven countries identified as private funded in Table 11,

West Germany, Japan, and the Netherlands have Business Enterprise
sectors that spend "high" sums on R&D compared with gross national

product. In West Germany and Japan, absolute Business expenditures

are significant. In the Netherlands, the ratio of Government spending
on R&D to GNP is also "significant," but that for West Germany and Japan
is "moderate" or "low." In all the remaining private-funded countries--

Sweden, Belgium, Italy, and Austria--the Business Enterprise sector
spends "moderate" or "low" amounts on R&D, both in absolute and rela-

tive terms, but the Government sector spends even less.

Both Finland, which falls into neither of the above two categories,
and Denmark, the tenth among the government-funded countries, move

j back and forth across the boundary lines separating the various analy-

tical categories and so elude analysis and escape most generalizations.I
C. SECTORS OF PERFORMANCE

At the beginning of Section B, it was noted that nine-tenths of
the financial support for research and development in OECD member

countries characteristically came from the Government and Business
Enterprise sectors. In this section, the analysis focuses again on

Government and Business, for it is in these sectors that most research
and development is conducted. The performance of R&D is, however,

much less concentrated than is funding. For only one state (Spain)

did the combined shares of Business Enterprise and Government exceed

nine-tenths of GERD in 1969.25 One-half of the remaining eighteen

responding countries fell within a range of from 80 to 89 percent,
another seven had combined shares of between 70 and 79 percent, and
two reported that less than 70 percent of their R&D was conducted in

the two dominant sectors.

Of the three remaining sectors (Higher Education, Private Non-
profit, and Abroad), the OECD has not collected any data on "Abroad."

25. The following discussion is based on Table C-1.
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R&D funded by a member nation but performed outside its territory

evidently escapes the statistical net cast by the Organization--unless

the research is conducted in another member nation, in which case it

appears in the information on sources of funds under "Abroad."

Private Non-profit (PNP) institutions are not important loci of
research and development activities in most countries. In fourteen
states the portion of GERD performed in the PNP sector in 1969 was
less than 3 percent. In t:ao countries, the United States and Denmark,
its share was slightly larger--3.7 and 4.9 percent, respectively; but
only in Portugal, the Netherlands, and West Germany can PNP institu-

tions be described as significant performers of R&D. The shares of
GERD consumed in the PNP sectors of these countries were, respectively,
7.1, 8.7, and 9.7 percent, which still left Private Non-profit insti-
tutions as the least important sector of performance. In West Germany
and the Netherlands, moreover, the relative position of this sector

appears to be steadily deteriorating.

Higher Education is clearly the most important non-dominant sector
of performance. In two states (Belgium and Norway), more than 30 per-
cent of all research and development was performed in universities and
colleges in 1969. The shares in most of the other sixteen responding

countries were smaller but still substantial. Four states (Italy,

Finland, Canada, and Denmark) reported that 20 to 30 percent of GERD
was being conducted in the Higher Education sector. In nine countries,

including four of the five Major States, the sector's share was
between 10 and 20 percent. Only three countries, including the United
Kingdom, channeled relatively little R&D funding (i.e., less than 10

percent) in this direction.

That Higher Education is a comparatively important sector of per-
formance in some countries can be judged from the fact that it ranks
second in seven out of eighteen states. Furthermore, there is reason

to suspect that the OECD statistics on sectors of performance for at
least six states, among them France and Japan, misrepresent reality
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by overestimating the amount of R&D conducted in Government and under-
estimating the amount conducted in Higher Education.26

Having taken note of the more important role of the Private Non-

profit and Higher Education sectors in some countries in the perfor-
mance, as opposed to the funding, of research and development, it is

well to restate the point made at the beginning of this section: in

most member states of the OECD most R&D is conducted in the Government

and Business Enterprise sectors. It is to these two that we now turn.

1. Government

a. Absolute Amounts of Expenditures Absorbed. In light of the

levels of Government R&D spending indicated in Figure 4 (particularly

for the United States) and the high degree of government orientation

shown for the United Kingdom, France, and the United States in Table 9,

it is interesting that relatively little R&D was performed in the

Government sectors of any of the five Major States during the 1960s

(see Figure 9). The US government naturally absorbed larger sums of

money than did the governments of the Big Four, and it is not sur-

prising that more R&D was conducted in the Government sectors of

France and the United Kingdom than in those of Japan and West Germany.

It is also worth noting that funding for R&D performed in this sector

apparently tended to increase during the 1960s. But these distinc-

tions are less important thar. the simple fact that the Government

sector consumed far less of GERD than it generated.

The relative standing of eighteen respondents to the OECD survey

conducted in 1969 is shown in Table 13.27 The amount of R&D performed

in the US Government sector was $3.7 billion, more than 40 percent

more than jas performed in the Government sectors of all seventeen

other countries, and almost five times as much as in that of France,

the nation which ranked second. The Big Four, together with Canada

Table D-4, note c. The other four states for which data
:0 ly incorrect are Italy, Spain, Ireland, and Canada.

, i for earlier years will be found in Table C-2.
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Figure 9. RF-D PERPORMED IN THE GOVERNMENT SECTOR IN THE 1960s

Table 13

RFD PERFORMED IN THE GOVERNMENT SECTOR IN 1 9 6 9 a
(in millions of current [IS dollars)

i1000 100-999 20-99 20

XTTEV' 2TATES *,7T FRANCE 780
[IGITED KING]DOM 600
JA7'A N 310
WEST GERN{AN Y 120

Canada 3{40 Netherlands 67 No~vay 19
SItaly 179 Sweden 25 Switzerland 16 [

Denmark 38 Finland 1.

Spain 36 Ireland 11
B elcitun 27 Greece 8

Portugal 8

K. r nearent: year , vailable.

Lo'irce : Table K-2.
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and Italy, conducted from $100 to $800 million worth of R&D in their

Government sectors. Expenditures in the remaining eleven states were
j much lower: between $20 and $70 million for five, less than $20

million for six.

b. R&D Performed in the Government Sector as a Percentage of GERD.

Among the Major States, the United Kingdom and France chose to have

* one-fourth or more of their research and development conducted in the

* Government sector (see Figure 10). Government accounted for substan-

tially less in the other three countries: about one-eighth of the

total in the United States and Japan, one-twentieth in West Germany.

The range is, therefore, fairly wide. The share held by Government

has declined in France, but has remained more or less stable in the

other four Major States.

As can be seen from Table 14, the Government sector is a much more

important performer of R&D in five of the thirteen remaining countries

than it is in the Major States. 28 Its share of GERD is 35 percent in

Canada, almost 50 percent in Ireland, about 55 percent in Spain and

Greece, and almost 70 percent in Portugal. It is noteworthy that all

but Canada are small, relatively underdeveloped countries with weak

private enterprise sectors. The other eight states are divided into

two equal groups. Four join France and the United Kingdom in the 20

to 29 percent range; four fall below the 20 percent level.

2. Business Enterprise

a. Absolute Amounts of Expenditures Absorbed. First, comparing

Figures 9 and 11, we see that the level of R&D expenditures is higher

in the Business Enterprise sector than in the Government sector in

all five of the Major States and that it is much higher in the United

States. Second, the vitality of the US Business Enterprise sector as

a performer of R&D is apparent from its position relative to that of

Business in the Big Four: it towers above the others,

28. Data for earlier years will be found in Table C-1.
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Figure 10. R&D PERFORMED IN THE GOVERNMENT SECTOR IN
THE 1960s AS A PERCENTAGE OF GERD

Table 14

R&D PERFORMED IN THE GOVERNMENT SECTOR AS A PERCENTAGE
OF GERD IN 19 6 9 a

>1 ?0-249 210
FRANC E 26 UNITED STATES 14
UNITED) KIN2DONU 215 JAPAN 12L

WEST GERMfANY 5

Portul 69 Irelani 4 Fs Denma k 26 Sweden 15
nreece ',t-, Canada 2Ily Netherlands 11

?piin 55 Finland 24 Belgium 11
Nom ay 20 Swit2'erland 4
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Figure 11. R&D PERFORMED IN THE BUSINESS ENTERPRISE
SECTOR IN THE 1960s

consuming more than ten times the expenditures of any one of them.

The Big Four all cluster fairly close together. Third, during the

1960s, allocations to the Business Enterprise sector have increased

steadily in all of the Major States except the United Kingdom, where

they have leveled off.

The situation in 1969 is shown for all nineteen responding

(99

countries in Table 15. 29In terms of absolute amounts of funding,

t0

the Business Enterprise sector in the five Major States performsmuch more R&D than it does in the fourteen other OECD countries.

29. Data for earlier years will be found in Table C-2.
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Table 15

R&D PERFORMED IN THE BUSINESS ENTERPRISE
SECTOR IN 1 9 6 9a

(in millions of current US dollars)

> 2000 1000-1999 100-1999 20- 39 20

!r:TE3_ STATES 18,480 WEST GERMANY 1,810
JAPAn 1,7,10
UNITLD KINGDO.1 1,3180
FRANC E 1,490

Tt. ly 380 Denmark 68 Ireland 8
Netherlans 360 Austria -1 reece 4
Canada 360 Norway 47 Portuqal 2
3wi terland 330 Finl in!
Swe' en 240 Spdir, 27
Belliur 10

-r nearest year vjilable.

urce: Table C-.

About $18.5 billion of R&D is conducted by US Business. The compar-

able figures for the Big Four range between $1.5 and $1.8 billion.

All of the remaining states fall below the $400 million line; and of

these, eight allocate less than $70 million to Business for R&D.

b. R&D Performed in the Business Enterprise Sector as a Per-

centage of GERD. Throughout the 1960s, most of the research and

development supported by the Major States was conducted in the

Business Enterprise sector (see Figure 12). The portion of GERD con-

sumed by Business began the decade at a high level of 65 to 70 percent

in the United States, West Germany, and the United Kingdom and remained

there through 1969. In France and Japan, Business began with shares

of 50 and 55 percent, respectively, which expanded to 55 and 65 per-

cent by the end of the 1960s. The shares of GERD absorbed by this

sector are, therefore, tending to converge. Just how important the

role of Business as a performer of R&D has been in the Major States

may be seen by comparing Figures 10 and 12. Business Enterprise far

surpasses Government in terms of the portion of the national R&D effort

it carries out.
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Seven of the fourteen remaining countries for which data are

available conformed to the same pattern (see Table 16). In 1969,

their respective Business Enterprise sectors accounted for more than

one-half of the R&D performed within the country.30 In three other

states, the sectorts share was between 40 and 50 percent. In only four

did it fall below the 40 percent mark.

Table 16

R&D PERFORMED IN THE BUSINESS ENTERPRISE
SECTOR IN 1969a AS A PERCENTAGE OF GERD

>60 50-59 40-49 <40

UNITED STATES 70 FRANCE 56
WEST GERMANY 68
JAPAN 67
IINITED KINGDOM 65

Switzerland 85 Belgium 56 Norway 48 Canada 37
Sweden 66 Italy 55 Denmark 47 Ireland 37
Netherlands 62 Finland 53 Spain 41 Greece 27
Austria 60 Portugal 16

a. Or nearest year available.

Source: Table C-1.

D. INTER-SECTORAL TRANSFERS

Thus far in this discussion we have seen that nine-tenths of all

financial support for R&D originated in the Government and Business

Enterprise sectors and that Higher Education, Private Non-profit

institutions, and Abroad collectively supplied about one-tenth or

less of total R&D expenditures. We have also seen that, although

most R&D was conducted in the Government and Business Enterprise

sectors, Government generated a larger share of GERD than it consumed,

while the other three sectors--most particularly Higher Education and

PNP institutions--tended to consume larger shares of GERD than they

generated.

30. Data for earlier years will be found in Table C-1.
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3 Even in the absence of statistics on transfers of funds between

sectors, the foregoing would be enough to lead one to suspect that

significant sums of money are flowing from Government to the other

three sectors. As the following discussion will show, although reality

is somewhat more complicated than the above would suggest, this hypoth-

esis is corroborated by the OECD data. Moreover, the fact that it is

Government and not some other sector that is the source of the great

bulk of the funds moving between sectors is perhaps the single most

important conclusion that one can draw from this section.

The following analysis focuses on the situation in 1969. With

the exception of Business Enterprise, the detailed information re-

quired to trace changes over time in the pattern of inter-sectoral

transfers was not readily available.
The OECD has compiled its statistics on the basis of where the

funds for R&D performed in each sector come from, and it is in accord-

ance with this approach that this analysis of inter-sectoral transfers

has been organized. The data for the four main sectors of performance

(excluding "Abroad") are discussed in the four sub-sections that

follow. In the fifth, the OECD statistics have been rearranged to

permit an analysis of the destination of R&D funds originating in the

Government sector.

1. Sources of Funds for R&D Performed in the Government Sector

In every one of the five Major States, Government finances by it-

self all or almost all of the R&D it performs (see Figure 13). The

Business Enterprise sector finances 5 to 6 percent of Government R&D

in West Germany and the United Kingdom, but the fact remains that very

little money flows from other sectors into Government.

This pattern is repeated in the eleven remaining member nations

that responded to this part of the 1969 survey.31 In ten, more than

90 percent of the research and development conducted in this sector

was supported by the sector's own funds. The exception was Spain,

31. See Table D-2.
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Figure 13. SOURCES OF FUNDS FOR R&D PERFORMED

IN THE GOVERNMENT SECTOR IN 1969

where its share fell to 84 percent and Business and PNP contributed

9 and 5 percent, respectively.

2. Sources of Funds for R&D Performed in the Business Enterprise Sector

Here the situation is more complicated. As can be seen in

Figure 14, the Business Enterprise sectors of the Major States gener-

ated internally most of the funds they spent for research and develop-

ment during the 1960s. Business supplied virtually all of its own

requirements in Japan and from 82 to 86 percent in West Germany. In

the other three Major States, the sector functioned in a much less
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autonomous fashion. Business Enterprise in France began the decade

supplying two-thirds of its own R&D expenditures, but ended by provid-

ing less than three-fifths. Although trends in the United Kingdom and

the United States ran in the opposite direction, by 1968/69 intra-

sectoral sources were still only meeting 64 and 54 percent, respec-

tively, of the sector's demands.
32

Figure 14 shows that the needs that were not being met by the

Business Enterprise sector itself were being fulfilled by Government:

13 to 17 percent of the total amount of R&D expenditures consumed

within the Business sector in the case of West Germany, from 30 to 39

percent in the case of France,33 and shares declining from 36 to 32

percent and from 57 to 47 percent in the United Kingdom and the United

States, respectively.

The Business Enterprise sectors of the thirteen other responding

nations are less dependent on Government support. In nine of these

states, intra-sectoral financing is available for more than 90 percent

of Business R&D. In none of the remaining four does the share of

Business' "own funds" fall below 80 percent. As for changes over time,

the share of internally generated funding is stable or .itcreasing in

most of the countries surveyed.

The role of Government as a source of funds for Business Enter-

prise R&D in 1969 is shown in Table 17. Clearly, Business tends to

be far more dependent on Government in the Ma3or States than it does

in other OECD member nations. The shares of Government in the Unitec

Kinqdom, France, and most particularly in the United States are very

high--32, 36, and 47 percent, respectively. In Norway, the state

which ranks fourth, Government supplies only 18 percent of Business

needs. Of the eleven countries in which Government provides less than

10 percent, only one, Japan is a Major State.

32. Comprehensive data for the Business Enterprise sector will
be found in Table D-1. In Business Enterprise, as in other sectors,
intra-sectoral transfers are substantial.

33. PNP supplied 6 percent of Business requirements in 1969.
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Table 17

PERCENTAGE OF BUSINESS ENTERPRISE R&Dg FUNDED BY GOVERNMENT IN 1969a

>40-50 '0-40 i- 10-15 5-10 <5

is a6.7 FRANCE 3 .8 W. GERMANY 13.2 JAPAN 1.2
[1IK 31.9

Norway 18.2 Canada 14.5 Italy 7.2 Portugal 4.3
Sweden 1.4 Belgium. 6.6 Netherlands 3.9

Finland 3.5
Spain 1.7
Denmark 1.3
AuStria 1.2
I reland 0.7
Greece --

.
0
r nearest year available.

-ource: Table E-i.I

3. Sources of Funds for R&D Performed in the Private Non-profit Sector

The PNP sector is much more dependent on extra-sectoral sources

of support for financing its R&D activities than is Business Enter-

prise. Among the Major States, the share of intra-sectoral funds was

highest in 1969 in Japan and Prance: about two-fifths of the total

(see Figure 15). In the United Kingdom and the United States, in

contrast, the share was much lower: one-sixth and one-fifth, respec-

tively. In West Germany it was as low as one-twentieth. The share

of intra-sectoral funds tended to be larger in the eight smaller

states: above 40 percent for three, between 20 and 30 percent for

another three, and below 15 for two.

Which sectors made up the deficiency? In France and Belgium,

Higher Education provided one-eighth and one-sixth, respectively. In

the United Kingdom, Sweden, and Japan, Business Enterprise supplied a

more substantial proportion of PNP requirements: 28, 29, and 46 per-

cent, respectively. Once again, however, it was Government that pro-

vided most of the financial backing coming from outside the sector

(see Figure 15 and Table 18).

34. See Table D-3.
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Figure 15. SOURCES OF FUNDS FOR R&D PERFORMED IN THE
PRIVATE NON-PROFIT SECTOR IN 1969

Table 18

PERCENTAGE OF R&D IN THE PRIVATE NON-PROFIT SECTOR
FUNDED BY GOVERNMENT IN 1 96 9a

>90 l 70-80 60-70 50-60 40-50 <40

GERMANY 92.2 us 65.1 UK 54.2 FRANCE 40.1 JAPAN 12.2

Netherlands 77.6 Norway 68.0 Belqium 53.6 Finland 49.5 Sweden 14.3
Greece 72.6 Ireland 42.5

Denmark 41.5

a. Cr nearest year available.

Source: Table D-3.

76

I.•



7 AD-AOSI 298 INSTITUTE FOR DEFENSE ANALYSES ARLINGTON VA INYERNATI--ETC F/s 3/1
R AND D RESOURCE ALLOCATIONS BY SELECTED FOREIGN COUNTRIES, (U)
JAN 74 J K MORIARTY. N N WHITE DOS-1?22-320069

UNCLASSIFIED IDA-P-1011 IDA/H1G-7 15894 NL

muuuuuuuuuuuumuuuuuuuuuuuuII//////II/
-mhhhhh
-EhIillllllll
-IIIIIIIIIIEE



I
I

Among the Major States, the Government sector provided least

support for research and development in Private Non-profit institutions

in Japan (12 percent). In the remaining Major States, it provided 40

percent in France, 55 percent in the United Kingdom, 65 percent in the

United States, and 92 percent in West Germany. In four of the remain-

ing eight countries, its share was between 54 and 78 percent, and in

another three it was between 40 and 50 percent.

4. Sources of Funds for R&D Performed in the Higher Education Sector

In most countries, research and development conducted in colleges

and universities is financed almost entirely by Government. In 1969,

only Japan and the United States among the Major States had Higher

Education sectors that funded appreciable amounts of their own R&D--

16 and 27 percent, respectively. (See Figure 16.) The share in the

United Kingdom was much lower and in the other two countries virtually

zero.3 5 The Government in 1969 supported 68 percent of the R&D con-

ducted in the Higher Education sector in the United States, about 82

percent in the United Kingdom and Japan, and more than 95 percent in

West Germany and France. In ten out of the twelve smaller states,

the share of Government as a source of funds was larger than 90 per-

cent; in the remaining two, larger than 80 percent.

5. Government Expenditures on R&D Distributed by Sectors of Performance

By this point, it should be possible to see why a special effort

has been made to determine the allocation of R&D expenditures origina-

ting in the Government sector. No other sector funds an appreciable

share of research and development performed by Government (see

Figure 13). Government, on the other hand, is the only important out-

side contributor to Business Enterprise R&D (see Figure 14), is usu-

ally the principal source of support for PNP research and development

35. See Table D-4. In only three of the twelve smaller states--
Ireland, Finland, and Canada--did the size of the share of "own
funds" reach or exceed 5 percent. In Switzerland, Business covered
7 percent of the cost of R&D performed in the Higher Education sector.
In Sweden, PNP institutions provided 6 percent.
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(see Figure 15), and finances all or almost all Higher Education R&D

(see Figure 16). Thus, when we speak of inter-sectoral transfers of

funds, we are in effect talking about transfers from the Government

sector tc the other three sectors of performance.

Perc ent

100-

60-

40-

20 -

20

West United United
France Germany Kingdom States

Government Higher
Education

Business r777" Othe
Enterprise Other

Source: Table D-4.

Figure 16. SOURCES OF FUNDS FOR R&D PERFORMED IN
THE HIGHER EDUCATION SECTOR IN 1969

There is one important deficiency in the statistics for 1969 that

must be mentioned. The national authorities of six states--France,

Japan, Canada, Italy, Spain, and Ireland--provided the OECD with data
that categorized certain funds supplied to the Higher Education
sector by the Ministry of Education as that sector's own funds. This
distorted reality in a number of ways. What is relevant in this

context is that in these six states it reduced both the total amount

of Government R&D expenditures and the flow of funds from Government
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to Higher Education. The effect on the figures for the percentage
distribution of Government R&D spending is perhaps best illustrated

by the information on Japan presented in Figure 17. Between 1967 and

1969, the data report an abrupt contraction in the share of state R&D

funds allocated to Higher Education and an equally abrupt expansion in

the share of state expenditures consumed within the Government sector.

It is highly unlikely that so violent a swing in government alloca-

tions of funds could have occurred, and the official Japanese statis-

tics show that in fact such a change in priorities did not occur. It

proved to be impracticable to make the necessary adjustments in the

data for these six countries for 1969 in this sub-section, so the

following generalizations should be regarded with some caution.36

The analysis can be simplified at the outset by noting that state

R&D expenditures were allocated almost exclusively to three sectors:

Government, Business Enterprise, and Higher Education. In all the
years for which data were available and in all but two of the eighteen

states surveyed, Private Non-profit institutions received less than

5 percent of state funds (see Figure 17 and Table D-5). The two

exceptions were West Germany and the Netherlands, where the PNP se( tor

received 23 and 18 percent, respectively.
37

In five states the Government sector appears to absorb most of the

funds it generates. The governments of Japan, Spain, Portugal,

Ireland, and Greece all informed the OECD that the state consumed

more than 75 percent of its own R&D expenditures in 1969.38

In six countries the share of the Government's R&D funds absorbed

by one sector in 1969 was larger than 55 percent but smaller than

75 percent. Government placed the highest priority on Business

36. This problem is noted in Table D-5, note 2, and is discussed

at length in Table D-4, note c.

37. The share of PNP institutions in West Germany has remained
stable. In the Netherlands, however, their share has contracted
sharply, from 41 percent in 1964 to 18 percent in 1969.

38. The share of intra-sectoral expenditures was more than 90
percent in Spain, Portugal, and Ireland. These figures are, of course,
highly suspect for Japan, Spain, and Ireland.
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Enterprise in the United States,3 9 on Higher Education in Belgium and
Austria,4 0 and on Government in France, Canada, and Italy.4

1

In a third group of three states, most Government spending on

research and development in 1969 was divided more or less evenly
between two sectors: Business Enterprise and Government in the United

Kingdom, Government and Higher Education in Finland and Denmark.

In the remaining four states--Sweden, Norway, the Netherlands, and

West Germany--that responded to this par:- of the OECD's questionnaire,

three sectors received significant shares of the Government's R&D

expenditures. Higher Education and Government ranked as the first

and second most important sectors, respectively, in three of the four

remaining countries. In those same three, Business Enterprise ranked

third in Sweden and Norway, while the PNP sector ranked third in the

Netherlands. In West Germany, perhaps the most atypical state of all,

the rank order was Higher Education, Business Enterprise, and Private

Non-profit.

This review of the sectoral distribution of Government funding

for R&D indicates that spending tends to be concentrated in one or

two sectors and that the sector that appears to be most frequently

favored by Government is Government. It ranks first in eleven out of

eighteen states and second in six out of the remaining seven. Among

the Major States, the United Kingdom, Japan, and France fall into the

first category; the United States, into the second. In West Germany,

Government ranks fourth.

Excluding that portion of Government expenditures that is con-

sumed within the sector, and looking only at the portion transferred

39. The sector that ranked second in the United States was

Government.

40. Government ranked second in both states.

41. It is likely that, in these last three states, the share of
Government is smaller and that of Higher Education larger than the
statistics indicate. In 1969, the sector that ranked second in
Canada and Italy was Higher Education. In France, it was Business
Enterprise.
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to other sectors, we find that one fact stands out with great clarity:

in fifteen out of the eighteen responding nations, Higher Education

receives priority over Business Enterprise. These fifteen countries

include two Major States, West Germany and Japan.42

The governments of the remaining three Major States--the United

Stetes, the United Kingdom, and France--are the only ones among the

governments of the OECD member nations to give priority to Business

Enterprise over Higher Education.43 If anything, this understates

the importance attached to Higher Education. In seven out of the

fifteen states whose governments allocate more of their R&D funds to

this sector than to Business Enterprise, the ratio of support for

Higher Education to that for Business is more than five-to-one. And

the statistical problems noted earlier for France, Japan, Canada,

Italy, Spain and Ireland point in the direction of a greatly enhanced

role for the Higher Education sector in these countries--though at

the expense of Government rather than Business Enterprise.

E. TYPES OF ACTIVITY

This section is divided into three parts. The first breaks down

total R&D expenditures in the responding OECD member nations by the

three types of R&D activity identified by the Organization: basic

research, applied research, and experimental development. The second

analyzes the various sectors in which each of the three activities is

performed. The thir-1 examines the balance of activities pursued in

each of the four sectors of performance.

Several prefatory remarks are in order. First, it would be well

to bear in mind that the phenomena under investigetion are of a

42. The figures for Japan in Table D-5 give Business Enterprise
a slight edge over Higher Education. It is known, however, that the
latter sector actually absorbs most of the Japanese government's R&D
expenditures.

43. It may be that this is a consequence of the fact that these
three countries all have very large government R&D programs, programs
which generate a strong demand for kinds of applied research and ex-
perimental development best performed in the Business Enterprise sector.
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5 particularly elusive nature. The intractable definitional problems

examined at length by the OECD will not be recapitulated here.44

Suffice it to say that the statistics assembled by the Organization

and presented in this section, although certainly the best available
for purposes of cross-national comparisons, should be viewed with

some skepticism.

Second, while 'ragmentary information was obtained from Japan and

West Germany, only three of the Major States--the United States, France,

and the United Kingdom--responded adequately to this portion of the

OECD questionnaire. This limitation in the data base considerably

reduces the reliability of the generalizations made on the basis of

the available statistics.

Third, it has been possible to examine only one year: 1969. No
attempt has been made to estimate trends in the distribution of R&D

expenditures by type of activity.

Fourth, the expenditures analyzed are of a particular kind:

"total intramural expenditures." These are defined by the OECD as
"funds used for the performance of R&D and within a particular organi-

zation or sector of the economy, whatever the source of finance.
"?4 5

Intuitively, it would seem obvious that the sum of the intramural

expenditures of the four sectors of performance should be identical

to GERD, but such is not evidently the case, perhaps because certain

portions of GERD could not be identified by type of activity. What-

ever the reasons, the discrepancies involved may .2 substantial.

For example, the sum of US expenditures on the three types of activity

reported in Table E-1 is about $26.3 billion, $300 million less than

the figure for GERD given in Table A-I. The difference between the two

figures for the United Kingdom is even larger: $380 million. Among

the Major States, only in France is GERD the same as "total intramural

expenditures."

44. See OECD, Directorate for Scientific Affairs, The Measurement

of Scientific and Technical Activities: Proposed Standard Practice
for Research and Experimental Development, ??Frascati Manual" (Septem-
ber 1970), Chapter II, pp. 8-21. See also Chapter II of this study,
especially pp. 19-22.

45. Ibid., p. 43. 83



1. R&D Expenditures by Type of Activity

In terms of absolute amounts of money spent, the United States far

surpassed every other state that responded to this part of the OECD

survey (see Figure 18, Chart A, and Table 19). Expenditures on basic

research in 1969 were almost $3.8 billion in the United States,

compared with $490 million in France and $220 million in the United

Kingdom.4 6 The comparable figures for applied research were $5.7

billion and $850 and $530 billion. As for experimental development,

the United Kingdom and France both spent $1.3 billion as opposed to

the $16.9 billion provided in the United States. As Chart A of

Figure 18 makes clear, the US lead was greatest in the area of experi-

mental development. Whereas combined British and French expenditures

on basic and applied research were 19 and 24 percent, respectively, of

the US total, their combined expenditures on experimental development

were only 16 percent of those in the United States.

In the three Major States, more money was spent on applied than

on basic research and more on experimental development than on applied

research. Table 19 has been constructed so as to facilitace a compari-

son of levels of spending by type of activity within each of the ten

smaller countries that responded to the OECD's 1969 survey. Six out

of the ten conformed to the pattern set by the Major States. In Italy,

Belgium, Spain, and Greece, however, although more was still spent on
applied than on basic research, less was spent on experimental develop-

ment than on applied research.

Table 19 also reveals a striking degree of similarity in the

order in which the countries are ranked within categories in terms of

expenditures. In basic and applied research, the rank order is almost

identical. 47 In all three types of activity, Canada, Italy, and the

Netherlands are clustered together at the top, followed by Sweden and

Belgium, Denmark and Norway, and Spain, Ireland, and Greece.

46. See Table 7-1 for detailed information on absolute expenditures.L47. In this connection, it is pertinent to note the special problem
of the Netherlands, for which there were available only figures re-
flecting aggregate expenditures on basic and applied research.
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Figure 18. TOTAL INTRAMURAL R&D BY TYPE OF ACTIVITY IN 1969
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Table 19

TOTAL INTRAMURAL EXPENDITURES ON aR&D BY
TYPE OF ACTIVITY IN 1 969

(in thousands of current US dollars)

Types of E X P E N D I T U R E S
Activity > 200 100-199 50-99 30-49 20-29 10-19 < 10

Experimental Canada 315 Belgium 69 Norway 39 Ireland 9
Tevelopment Netherlands 264 Denmark 62 Greece 4

ITtaly 257 Spain 4
Sweden 216

Applied Canada 295 Bel.ium 108 Sweden 75 Denmark 32 Norway 26 Spain 19 Ireland 8
Pesea rch Italy 292 Greece 6
BaSie etherlands 2321 Canada 167 Belgium 84 Sweden 47 Denmark 24 Norway 17 Spain 9
Fesear. Italy 145 Greece 2

Ireland 2

1. (r nearest year available.
1r.cl;des bc-h Basic and Applied Research.

c;nce: Table E-1.

Turning to the percentage distribution of expenditures among the

three types of activity in the Major States, Chart B in Figure 18

shows that, while in France basic and applied research consumed one-

half of total spending, in the United States and the United Kingdom
they were allocated only slightly more than one-third of the total.4 8

In Table 20 a more basic distinction is drawn between countries

that devote more than 50 percent of total intramural expenditures to

experimental development and those that devote more than 50 percent

to basic and applied research. The thirteen responding nations are

divided almost equally between the two categories. All three of the

Major States, including France, are to be found in the first, together

with Sweden, the Netherlands, and Denmark.

48. See Table E-2 for detailed information on percentage distri-
bution by type of activity.
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Table 20

TOTAL INTRAMURAL EXPENDITURES ON R&D BY
TYPE OF ACTIVITY IN 19 6 9a

(percentage distribution)

Type of Activity _ _

Countries Experimental Applied Basic
Emphasizing Development Research Research

Experimental
Development:

UNITED STATES 64.2 21.5 14.3
Sweden 63.9 22.2 13.9
UNITED KINGDOM 63.4 25.7 10.9
Netherlands 53.2 46.8
Denmark 52.5 27.0 20.4
FRANCE 50.2 31.6 18.2

I Basic & Applied
Research :

Ireland 47.7 40.7 11.6
Norway 47.2 32.0 20.8
Canada 40.5 38.0 21.5
Italy 37.0 42.1 20.9
Greece 31.5 49.7 18.8
Belgium 26.3 41.5 32.2
Spain 3.0 55.1 41.9

a. Or nearest year available.
b. Includes both Basic and Applied Research.

Source: Table E-2.

2. Sectors in Which the Three Types of Activity Are Performed

Figure 19 shows that, in general, in the three Major States that

reported to the OECD, basic research tended to be performed in the

Higher Education sector, while applied research and experimental

development tended to be performed in the Business Enterprise sector.

It also shows that the Government sector played an important supporting

role in the performance of all three types of activity. In the very

broadest terms, this pattern holds true for the thirteen responding

member nations of the OECD.
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j a. Basic Research. Sweden, Ireland, Norway, and Belgium are the

extreme examples of the dominant position of Higher Education in the

performance of basic research (see Table 21). In these four countries

Table 21

PERCENTAGE OF BASIC RESEARCH PERFORMED IN
HIGHER EDUCATION SECTOR IN 1969a

80-90 70-79 60-69 30-59 20-29 <20

FRANCE 62 UK 38
US 62

Sweden 87 Norway 77 Denmark 69 Italy 41 Greece 29 Spain 11
Ireland 85 Belgium 73 Canada 63 Netherlands 28

a. Or nearest year available.

Source: Table E-3

in 1969, the share of this sector ranged from 73 to 87 percent of the

total. In another four countries, including France and the United States,

it consumed between 60 and 69 percent of all basic research expenditures.

In the United Kingdom, Government and Higher Education absorbed roughly

equal amounts of money. In the remaining four smaller states, Higher

Education ranked second.

b. Applied Research. Of the three types of activity, applied

research is the one least concentrated in a single sector of perfor-

mance. In Table 22, the twelve responding states are divided into

two somewhat artificial categories, one made up of countries emphasiz-

ing the Business Enterprise sector in the performance of their applied

research, the other consisting of countries emphasizing the Government

sector. The latter includes five states; the former, seven, including

the three Major States. Thus, it is true, broadly speaking, that

applied research tends to be conducted in the Business Enterprise

sector. It is worth noting, moreover, that in the five states in

which Government ranks first, Business Enterprise ranks second. YetII
even in the seven states in which Business plays the dominant role,

significant amounts of applied research are performed in other sectors.
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Table 22

APPLIED RESEARCH BY SECTOR OF PERFORMANCE IN 19 6 9a
(percentage distribution)

C a t e g ory
Countries Business Higher

Emphasizing Enterprise Government PNP Education

Business
Enterprise:

Belgium 65.6 15.2 0.3 18.9
UNITED STATES 58.6 21.1 7.6 12.6
UNITED KINGDOM 57.7 23.0 3.3 16.0
Italy 51.4 22.3 ... 26.3
FRANCE 50.9 38.8 1.2 9.0
Norway 44.7 27.8 0.6 26.9
Sweden 43.3 41.0 0.1 15.5

Government:

Ireland 11.6 75.9 1.2 11.3
Greece 23.7 64.0 2.3 10.1
Spain 37.0 60.5 -- 2.5
Canada 29.8 53.2 16 .9b

Denmark 32.9 43.8 7.6 15.7

a. Or nearest year available.
b. Includes both PNP and Higher Education.

Source: Table E-4.

In two states, Higher Education conducts more than 25 percent of all

applied research. As for the Government sector, its share is about

40 percent in two states and more than 20 percent in another four.

c. Experimental Development. This type of activity is usually

performed almost entirely within the Business Enterprise sector. In

no state did the share which this sector accounted for in 1969 fall

below 50 percent (see Table 23). In the United States, the United

Kingdom, and four smaller states, it absorbed more than 80 percent of

total intramural expenditures on experimental development. In another

three states, including France, its share was 75 percent or more of

the total.
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Table 23

PERCENTAGE OF EXPERIMENTAL DEVELOPMENT PERFORMED
IN BUSINESS ENTERPRISE SECTOR IN 1 9 6 9a

>80 70-79 60-69 50-59

us 86 FRANCE 75
UK 83

Belgium 91 Denmark 79 Canada 68 Spain 59
Sweden 89 Norway 78 Greece 57
Italy 86 Ireland 52

Netherlands 86

a. Or nearest year available

Source: Table E-5.

The only other sector in which a significant proportion of this

type of activity was conducted was Government, which performed 25 per-

cent of all experimental development in France and Canada, about 40

percent in Greece and Spain, and slightly less than 50 percent in

Ireland (see Table E-5).

3. Types of Activity Carried Out in each Sector of Performance

The OECD has assembled at least some data on this subject for all

five of the Major States. As displayed in Figure 20, in 1969

the Business Enterprise sector tended to concentrate on experimental

development, Government pursued a mix of experimental development and

applied research, while Private Non-profit institutions and Higher

Education focused on basic and applied research.

a. Business Enterprise. As Table 24 demonstrates, experimental

development accounts for a very large proportion of the R&D conducted

in the Business Enterprise sector. In fifteen out of the eighteen

responding nations, its share in 1969 was 60 percent or more of the

total for the sector. All five of the Major States fell into this

category, with the degree of concentration being highest in West

Germany (more than 90 percent) and the United States and the United

Kingdom (more than 75 percent).
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3 Table 24

PERCENTAGE OF BUSINESS ENTERPRISE R&D EXPENDITURES
DEVOTED TO EXPERIMENTAL DEVELOPMENT IN 196 9a

>80 70-79 60-69 40-59 <40

WEST GERMANY 93 US 79 FRANCE 68
UK 76 JAPAN 64

Switzerland 86 Austria 74 Canada 68 Italy 58 Spain 11
Sweden 84 Norway 71 Finland 65 Belgium 43
Ireland 82 Netherlands 70 Greece 60
Denmark 82

a. Or nearest year available

Scurce: Table E-6.

In some countries, however, sizable shares of Business R&D expen-

ditures were devoted to other types of activity. Applied research

absorbed more than 20 percent of the sector total in five states,

including the United Kingdom, France, and Japan; more than 30 percent

in three states; almost 50 percent in Belgium; and 80 percent in

Spain. Even basic research accounted for more than 20 percent in two

states. (See Table E-6.)

b. Government. In this sector, intramural expenditures tend t-o

be spread more evenly among the three types of activity. Applied

research ranked first in eight of the thirteen responding countries,

basic research ranked first in one, and experimental development

ranked first in four, including all three of the Major States repre-

sented (see Table 25). Yet in no country did the share of the prin-

cipal type of activity exceed 61 percent; in every country one or

both of the other two types of activity consumed very substantial

shares of the sector total. Nevertheless, it is true that Government

concentrated on applied research and experimental development.

c. Private Non-profit Institutions. In the PNP sector, as in

the Government, R&D expenditures are rarely concentrated heavily on

one type of activity. Table 26 shows that, among the eleven
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Table 25

GOVERNMENT R&D BY TYPE OF ACTIVITY IN 1969
a

(percentage distribution)

Type of Activit y
Countries Basic Applied Experimental

Emphasizing Research Research Development
Basic Research:

Ita ly 4 3 37 19

Applied Research:

Spain 37 61 3
Sweden 4 60 36
Belgium 29 60 11
Ireland 1 58 42
Greece 22 56 22
Canada 17 55 28
Denmark 20 50 30
Norway 18 44 38

Experimental
Development:

UNITED KINGDOM 19 28 53
UNITED STATES 17 34 49
FRANCE 15 42 43
Finland 19 39 43

a. Or nearest year available.

Source: Table E-7.

responding member nations, basic research ranked first in five,

including France; applied research ranked first in four, including

the United Kingdom and the United States; and experimental develop-

ment ranked first in two. Once again, one or both of the two non-

dominant types of activity absorbed large shares of total intramural

expenditures. In most countries, however, basic and applied research

constituted the basic foci of interest for PNP institutions.

d. Higher Education. With this sector we encounter once again

the pattern of distribution encountered in the Business Enterprise

sector: most intramural expenditures are concentrated on one type of

activity, in this case, basic research. In all but two of the
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Table 26

PRIVATE NON-PROFIT R&D BY TYPE OF ACTIVITY IN 19 6 9a

(percentage distribution)

Type of Activity
Countries Basic Applied Experimental

Emphasizing Research Research Development

Basic Research:

Netherlandsb 75.1 . 24.9
Belgium 73.2 26.8 --

Sweden 61.9 19.0 19.0
Norway 55.6 34.9 9.5
FRANCE 49.2 38.3 12.5

Applied Research:

UNITED KINGDOM 41.7 56.6 1.7
Greece 34.6 50.1 15.3
Ireland 41.1 48.5 10.4
UNITED STATES 22.9 46.1 31.0

Experimental
Development:

Finland 17.1 32.3 50.6
Denmark 19.0 38.6 42.3

a. Or nearest year available.
b. Includes both Basic and Applied Research.

Source: Table E-8.

fourteen responding countries, this type of activity consumed 50 per-

cent or more of the sector totals for 1969 (see Table 27). All four

of the Major States represented conformed to this pattern. The

degree of concentration was greatest in West Germany and the Nether-

lands and only slightly less in France, Belgium, Denmark, and Sweden.

It must be noted, however, that in some countries applied research

played an important secondary role in the R&D activities of the

Higher Education sector. This type of activity accounted for 20 per-

cent or more of the sector total in six states, more than 30 percent

in two states, and more than 40 percent in three states. In Greece,

it accounted for more than one-half.
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Table 27

PERCENTAGE OF HIGHER EDUCATION R&D EXPENDITURES
DEVOTED TO BASIC RESEARCH IN 1969a

> 80 70-79 60-69 50-59 40-49

WEST GERMANY 100 FRANCE 79 US 69 UK 50

Netherlands 86b Belgium 73 Ireland 66 Canada 59 Greece 48
Denmark 71 Spain 59 Italy 43
Sweden 70 Norway 59

a. Or nearest year available.
b. Includes both Basic and Applied Research.

Source: Table E-9.

F. SUMMARY

Before proceeding to Chapter IV and an analysis of the objectives

governmental R&D expenditures are intended to serve, the prinicpal

findings of the foregoing discussion will be briefly recapitulated.

1. Gross Expenditures on Research and Development (GERD)

GERD in the OECD area totaled $41 billion in 1969, almost all of

which originated in the five Major States. The twenty countries

responding to the OECD's 1969 survey fell into three categories:

(a) In the United States, expenditures on R&D came to $26.6
billion, a sum equivalent to 65 percent of all research and
development conducted in the OECD area.

(b) Among the Big Four (France, West Germany, Japan, and
the United Kingdom), GERD ranged from $2.4 to $2.7 billion.
The collective R&D expenditures of these four states ($10.4billion) accounted for 25 percent of the financial support

for research and development in the OECD area.

(c) The Smaller States generated less than 10 percent of
area GERD. In none of these fifteen countries did spending
rise above $1 billion.

In all of the Major States, GERD ranged between 1.5 and 2.8 percent of
gross national product. In thirteen out of the fifteen smaller states,

the percentage was 1.4 percent or less.
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Between 1961 and 1969, total spending on R&D in the OECD doubled.

National R&D expenditures by the Major States expanded at different

rates of growth over these eight years: relatively slowly in the

United States and the United Kingdom, and fairly rapidly in France,

Japan, and West Germany. As a result of these trends, the US share

of OECD GERD contracted from three-quarters to two-thirds of the
total, while the share of the Big Four expanded from one-fifth to

one-quarter. The relative positions of the Big Four also changed.

In 1961, the United Kingdom was clearly far in the lead with a GERD

at least twice as large as that of France, West Germany, or Japan.

By 1969, all four countries were clustered close together--with the

United Kingdom in last rather than first place and Japan on the verge

of moving past France and West Germany.

2. Sources of Funds

In almost all of the nations surveyed in 1969, the Business Enter-

prise and Government sectors together supplied more than 90 percent

of the funds allocated to R&D. The remaining ten percent was supplied

by the Higher Education, Private Non-profit, and Abroad sectors.

The responding member nations of the OECD may be divided into two

groups, depending on whether it was the Government or Business Enter-

prise sector that supplied more than half of GERD. The group of
"government-funded" countries was composed of nine states, including

France, the United States, and the United Kinglom. The last two

countries had Business Enterprise sectors that spent large sums on

R&D, but the Government sector had ambitious R&D programs and spent

even more, both in absolute terms and as a percentage of GNP and

total Government resources. In France, Canada, and Norway, the

Government was also heavily involved in R&D, but Business provided

relatively little support. Finally, in Portugal, Greece, Ireland,

and Spain, Government spent comparatively little on R&D, but Business

Enterprise spent even less.

There were seven "private-funded" countries, including West Ger-

many and Japan. In those two states and the Netherlands, Business
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Enterprise expenditures were relatively high, both in absolute terms

and as a percentage of GNP. Government spending was comparatively

low in the first two but high in the Netherlands. In Sweden, Belgium,

Italy, and Austria, Business spending on R&D was moderate in absolute

and relative terms, but Government spending was even lower.

3. Sectors of Performance

The performance of R&D is much less concentrated than is the

funding. In almost half of the responding countries, the combined
shares of GERD consumed in the Business Enterprise and Government

sectors were less than 80 percent in 1969. The next most important

sector of performance was Higher Education.

In all of the five Major States, the Government sector performed

far less, both absolutely and as a percentage of GERD, than it gene-

rated. Only in the United Kingdom and France was as much as one-

quarter of R&D conducted in this sector. The four countries that
allocated one-half or more of their national R&D effort to Government

were all small, relatively underdeveloped countries with weak private

enterprise sectors. Out of nineteen responding nations, twelve, in-

cluding all of the Major States, had most of their research and de-

velopment conducted in the Business Enterprise sector.

4. Inter-sectoral Transfers

Government finances from its own funds all or almost all of the

R&D it performs and is the only important outside contributor to

Business Enterprise R&D. In addition, it is usually the principal

source of support for research and development conducted in Private

Non-profit institutions and finances the great bulk of Higher Educa-

tion R&D. Thus, Government is the source of most of the funds moving

between sectors. In most countries, Government R&D expenditures are

usually concentrated in one or two sectors of performance, of which

the primary one tends to be itself and the other tends to be Higher

Education.
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3 5. Types of Activity

The thirteen responding OECD member nations may be divided into

two roughly equal groups: one emphasizing basic and applied research

and the other, experimental development. In general, however, most

of the countries surveyed in 1969 devoted the largest portion of

their R&D resources to experimental development, a smaller share to

applied research, and the smallest share to basic research.

I While most basic research is performed in the Higher Education

sector and most experimental development is performed in the Business

Enterprise sector, significant portions of applied research are con-

ducted in the Business Enterprise, Higher Education, and Government

sectors. The latter, in fact, plays an important supporting role

in the performance of all three types of activity.

fAs for the type of activity carried out in each sector of perform-

ance, Business Enterprise tends to concentrate on experimental de-

velopment; Governmer : pursues a mix of experimental development and

applied research; while Private Non-profit institutions and Higher

Education focus on basic and applied research.
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GOVERNMENT R&D OBJECTIVES IN OECD MEMBER NATIONS

Section A of the previous chapter was devoted to an examination

of the overall level of funding of research and development in the

member nations of the OECD. Sections B, C, and D examined the four

sets of institutions involved in supporting or conducting R&D, first

in terms of the distribution of gross expenditures by sources of funds

and sectors of performance, and second in terms of the flow of funds

between the sectors. In Section E, expenditures were analyzed by

j type of activity. With this chapter we begin to address an entirely

different issue: that of the purposes which R&D expenditures are

intended to serve.

Ideally, it would be desirable to have total national expenditures

on research and development broken down by objective. Unfortunately,

the OECD has been unable to obtain this information.1 What it has

assembled is a large body of statistics on governmental R&D objectives.

This means that all R&D funded by Business Enterprise, Private Non-

profit institutions, Higher Education, and Abroad had to be excluded

from the analysis. Nevertheless, Government is one of the two most

important sources of funds; it supports much of the R&D conducted in

the other sectors; and it allocates large sums to such important objec-

tives as defense, space, and nuclear R&D. The distribution of govern-

mental R&D expenditures is also an important indication of what the

policy concerns of the central government may be.

1. The OECD is, however, attempting to move in this direction.
Survey of R&D in 1969, Vol. 5, pp. 91-103, contains experimental
tables in which GERD is analyzed by objective for eight member
'-ountries, including Japan and France. Because of their very serious
deficiencies (noted in the above source, on pp. 20-21), the data have
not been used in this study.
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The OECD collected data on governmental R&D objectives for twelve

countries. These include all five Major States, five of the six

smaller countries that ranked highest in terms of GZRD (Canada, Italy,

the Netherlands, Sweden, and Belgium), and two countries with rela-

tively low levels of spending on R&D (Norway and Spain). For most of

these states, a continuous time series was constructed running from

1961 to the early 1970s. 2 Trends, therefore, can be traced with much

more confidence than was possible in Chapter III, where data usually

were available only for the three years in which the large-scale OECD

surveys were taken.

All the OECD data on expenditures by objectives were expressed in

terms of 1961 US dollars. This has the disadvantage of making compari-

sons with Chapter III difficult, but it yields one major benefit: the

effects of inflation are neutralized. The statistics on trends in

R&D expenditures by governmental objective consequently reflect "real"

changes over time much more accurately than do the statistics expressed

in current US dollars on, say, trends in R&D expenditures by sectors

of performance.

A few cautionary words remain to be said before the analysis

proper begins. Discussions of how state funds are distributed among

R&D objectives sometimes give the impression, perhaps inadvertently,

that the priority given the objectives is a product of a conscious

decision by some organ of government charged with determining and

executing a "science policy" for the state or the entire nation. To

some extent--and perhaps in some countries to a considerable extent--

this is undoubtedly the case; but it is also true that the actual

pattern in the distribution of governmental financial support for

research and development often becomes apparent only in retrospect,

after the expenditures have been made, recorded, and assembled by

government statisticians. At the time that decisions are being made

2. For nine states, the series begins in 1961; for two, in 1962;
and for one in 1965. It ends in 1969 for three, in 1970 for two, in
1971 for three, and in 1972 for four.
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to spend certain amounts of money on certain R&D projects, higher

officials may not be aware of what is being decided w. thin the heter-

ogeneous collection of agencies, bureaus, laboratories, research

j councils, or ministries over which they preside, in part because

research and development expenditures are often not identified as such

in budgets and, if they are identified, often are not described in

terms of the functions they are intended to fulfill. The OECD ob-

serves, with respect to this problem, that

in virtually none of the countries studied does there
exist either a single R&D budget laid out by function
or a pluri-annual plan for science in which R&D is
viewed in relation to overall economic objectives.3

Thus, R&D statistics can be a useful tool for decisionmakers by

revealing the actual priority given to various national objectives as

reflected in data on past expenditures. This information can then be

compared with the government's stated science policy to see whether

the goals assigned the highest priority are actually receiving the

most support ind whether other objectives, which the government may

have intended to deemphasize, are receiving more support than they

should. Corrective action can then be taken. In the absence of such

statistics, the actual scope of the government's R&D effort may not

be apparent to decisionmakers.
4

The OECD has formulated a set of fourteen objectives under which

all Government R&D expenditures have been subsumed. These objectives,

in turn, have been organized into five groups. The overall scheme

of classification is reproduced below.

3. OECD, Changing Priorities for Government R&D, p. I1.

4. This subject is discussed at greater length in ibid, pp. 1-7
and pp. 109-12.

5. Ibid, p. 120. For a definition of each objective and a
discussion of the classification, see pp. 118-29.
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Groups Objectives

I National Security and Defense
Big Science Civil Spac2

Civil Nuclear

II Economic Development Agriculture
Mining and Manufacturing
Economic Services

III Community Services Health
Pollution
Public Welfare
Other Community Services

IV Advancement of Science Advancement of Research
Advancement of Science via

General University Funds

V Other Activities Developing Countries
Miscellaneous

The organization of this chapter parallels the organization of

groups and objectives. The analysis begins with a broad overview of

Government R&D priorities as reflected in the allocation of state

funds among the five groups and fourteen objectives. Each group and

its constituent objectives are then considered in turn. In the

analysis, a great deal of emphasis has been placed on the first group,

National Security and Big Science, and particularly on the single

objective of Defense.

A. THE DISTRIBUTION OF GOVERNMENT R&D EXPENDITURES AMONG THE
FIVE GROUPS OF OBJECTIVES

1. Total Government Spending on R&D

This chapter is based on statistics on Government R&D expenditures

that are different from those used in the preparation of Chapter III.B,

which dealt with sources of R&D funds. Although in both sections the

data were drawn from OECD publications, Chapter III.B was based on

materials published between 1971 and 1973, whereas the source material
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for this section was published in mid-1973. 6  It is not simply a

matter of the earlier data being presented in terms of current US

dollars and the latter being presented in terms of 1961 US dollars.

A comparison of Tables B-2 and F-l reveals that there are discrepancies

in the figures on total Government R&D expenditures for 1961. More-

over, data on the individual objectives are available in 1961 US

dollars from both sets of sources. A comparison of these figures

reveals very substantial differences in the expenditures attributed

to each state. In light of these facts, it seems clear that the most

recent OECD publication on governmental objectives has refined and

improved the data presented in earlier publications.

An OECD graph depicting total Government R&D funding in 1961 US

dollars and as a percentage of gross national product is reproduced

as Figure 21. 7 With the appropriate adjustments having been made in

Chart A of Figure .1 to remove the effects of inflation, the tendency

toward a leveling off of Government expenditures in France and the

United Kingdom and toward a decline in the United States emerges

clearly. Expenditures in West Germany and Japan, in contrast, con-

tinued to climb throughout the 1960s. Comparing the situation in

1970, as shown in Table 28, with that portrayed earlier in Table 5

(Chapter III) for 1969, we find that the United States and Japan

retain their positions as first and last among the five Major States,

but that West Germany moves from fourth to second place, ahead of

France and the United Kingdom. Within the group of smaller OECD

member nations, the rank order changes very little.

6. The data for the Government sector in Chapter III.B were
drawn from OECD, R&D Trends and Objectives; R&D Trends and Objectives,
Appendix; and Survey of R&D in 1969, Vols. 2 and 5 (1971-73). The
data on government spending used in this section were drawn from
Changing Priorities for Government R&D (July 1973).

7. It is important to note that the scale used in Chart A of
Figure 24 and a number of similar charts in this chapter is loga-
rithmic. Supporting data will be found in Tables P-1 and F-2.
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Table 28

GOVERNMENT EXPENDITURES ON R&D IN 1 9 7 1 a

(in millions of 1961 US dollars)

>2000 1000-1999 100-999 <100

U UNITED STATES 11,680 WEST GER-ANY 1,420 JAPAN 590
FRANCE 1,350
UNITED KINGDOM 1,270

Canada 4 0 Norway 47

Italy 300 Spain 42
Netherlands 190

Sweden 180
Belgium 170

Or nearest year availible.

1ource : Table F-l.

Chart B of Figure 21 shows that Covernment spending on R&D as a

percentage of GNP is falling in the United States, the United Kingdom,

and Prance, is leveling off in West Germany, but is still climbing in

Japan. A comparison of Tables 7 and 29 reveals some changes in the

Table 29

GOVERNMENT EXPENDITURES ON R&D AS A
PERCENTAGE OF GNP IN 1970

High Significant loderate Low Very Low
>1 9.8-1 0.2-0.7 0.7-0., < 0.3

WTIC STATE 1.C WEST SER'ANY 0.9 JAPAIN 0.
FRANCE 1.2
IITES KINSD(YI 1.1

Netherlands 0.9 Canada 0.7 Italy 0., Spain 0.2
Sweden 0.9 Belgium 0.7

Norway 0.6

A. Cr nearest yedr jvailable.

-,ource: lible F-2.
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categories into which the responding countries fall. The United States,

the United Kingdom, and France still rank as countries devoting a

"high" proportion of their national wealth to government-funded re-

search and development. Japan, too, remains in its former "low"

position. West Germany, however, moves from the "moderate" to the

"significant" category. Among the smaller states, Canada moves down

one level, Sweden moves up one, and Belgium moves up two.

2. Summary Comparison of Government Allocations to R&D
Objectives and Groups

A "composite ranking" of all fourteen R&D objectives has been

constructed by the OECD for the twelve nations represented in this

study. The composite yields a picture of the general order of impor-

tance assigned to the fourteen objectives in the OECD area. The

results are displayed in Figure 22, which also lists each objective

under the appropriate group. The objectives that rank first, second,

and third are, respectively, Civil Nuclear, Mining and Manufacturing,

and Defense. The next three are, in decreasing order of importance,

Advancement of Science via General University Funds; Agriculture,

Forestry, and Fisheries; and Advancement of Research.

Figure 23 ranks the groups in the order of their importance in

Government R&D spending. Each country appears in five cells of the

matrix, its position indicating the rank of a given group in that

country's governmental R&D effort in 1961. The arrows show shifts

in priority over the succeeding decade.
8

In general, it appears that in the twelve states investigated the

rank order of groups in 1971 tended to be as follows:

1. Advancement of Science (Group IV)

2. National Security and Big Science (Group I)

3. Economic Development (Group II)

4. Community Services (Group III)

5. Other Activities (Group V)

8. Figure 23 is derived from Table F-4. This table and Table F-3
were specially prepared for this study from the statistics on objec-
tives assembled by the OECD.
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SI II III IV v

National
Security and Economic Community Advancement Other
Big Science Development Services of Science Activities

1. Civil Nuclear

2. Mining and
Manufacturing

3. Defense

4. Advancement of
Science via
General Univer-
sity Funds

5. Agriculture,
Fisheries,
and Forestry

6. Advancement of
Research

7. Health

8. Civil Space
9. Economic

Services

10. Public
Welfare

11. Other
Community
Services

12. Pollution

13. Miscellaneous
14. Developing

Countries

NOTE: The "composite ranking" was constructed by the OECD by rankinq the
amounts spent on the objectives within each country in 1969 from
1 to 14, adding the rank attributed to each objective in all twelve
countries, and then ranking these "sums of the ranks."

Source: OECD, Changing Priorities for Government R&D, p. 164.

Figure 22. COMPOSITE RANKING OF FOURTEEN OECD OBJECTIVES
IN 1969: DISTRIBUTION BY MAJOR GROUP
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Between 1961 and 1971, the position of National Security and Big

Science weakened. In 1961, it ranked first in seven countries, includ-
ing all of the Major States except Japan, and second in another two.

By 1971, however, it ranked first in only four. In West Germany and

two smaller states, it slipped from first to second; and in Belgium

f it dropped from second to fourth.

Advancement of Science, on the other hand, improved its position,

so that by the early 1970s it had probably supplanted National Secur-

ity and Big Science as the most important group. Between 1961 and

1971, West Germany and Italy joined Japan and three smaller states in

according this group the highest priority. In three other states,

including France and the United Kingdom, it ranked second.

j ~Whatever the relative position of Groups I and IV, there is no
doubt about the order in which the remaining three groups were ranked.

In 1971 as in 1961, seven out of twelve countries, including four of

the Major States, ranked Economic Development third. Seven countries

in 1961 and eight in 1971, including in that year three Major States,

ranked Community Services fourth. As for Other Activities, its

position, already low in 1961, was even lower by 1971, when it ranked

last in eleven out of twelve countries.

The Major States appeared to fall into two categories in 1971.

In the first, which contained the United States, the United Kingdom,

and France, the greatest emphasis was placed on National Security and

Big Science, fallowed by Advancement of Science (for France and the

United Kingdom.) or Community Services (for the United States). In

the second category, which contained Japan and West Germany, primary

emphasis was placed on Advancement of Science and secondary emphasis

on National Security and Big Science (in West Germany) or Economic

Development (in Japan). Thus, in four out of the five Major States,

Groups I and IV ranked first or second.

This may be the place to discuss certain data problems that bear

on the reliability of the preceding generalizations, particularly

with respect to the seemingly high priority placed on Advancement of

Science (Group IV) in Japan, the Netherlands, Italy, and West Germany.

The statistics used in the preparation of Figure 23, in the discussions

• ' Iil



of the individual objectives which follow later in this chapter, and

in Series A of Table 30 are derived from reports forwarded to the

OECD by national authorities who included in Group IV certain research

in the agricultural and medical sciences financed by the Ministry of

Education. In Table 30, Series B reflects adjustments in the national

data made by the OECD with the purpose of reassigning to the appropri-

ate objective expenditures for this kind of research. It will be seen

that the share of Group III, which includes the objective "Health,"

expands, while that of Group IV contracts, often quite sharply. (Note

that the effect on Group II, which includes the objective "Agriculture,"

is not shown.) In Japan, to take the most dramatic example, the share

of Advancement of Science in 1971 falls by 17 percentage points from

61 to 44 percent of total Government R&D expenditures, while that of

Community Services expands by 13 percentage points from 4 to 17 per-

cent. Similar, although less dramatic, shifts occur in each of the

eight states for which the OECD has recomputed the data. Thus, it

would seem only prudent to retain a certain degree of skepticism when

confronted with "hard" data on priorities among governmental objectives.

Figure 23 was derived from data on the share of each group in
total Government R&D expenditures. Figure 24 presents these data in

a more precise form, thereby making it possible to refine further

judgments on relative priorities. The most striking trend visible in

Figure 24 is the precipitous decline in the share of state R&D funds

devoted to National Security and Big Science, a decline that was

particularly sharp in those states that assign the highest priority

to this group of objectives: the United States, the United Kingdom,

France, and Sweden. Between 1961 and 1971, each of these four

countries increased the shares allocated to Groups II, III, and IV.

Even so, in 1971, each of the four still gave Group I a very large

proportion ot all Government expenditures on research and development:

76 percent in the United States, 54 percent in the United Kingdom,

49 percent in France, and 42 percent in Swecen. Japan and West Ger-

many, in contrast, gave first priority to Advancement of Science but j 1
allocated smaller shares of the state R&D budget to this group: 61

and 41 percent, respectively.

112



-4I-
C)H

CU)

Lr0)

ro 001 LL 1 L)Z C

~-*4(a) 0) H> C

ro 0 0) Hr
0~ > .14> u)

H C4-j () r- .- ,c
co C) o ZH -I * r-C-H ) f-C- tn U.140 H

C4 (n'. -4 (1H )- 0

*) H c . .

C -) -3 (>LL 'j r- (L)

> C> E~~

F-I 0)

X-, U)O M~ C (9)
0-4 n> r- t~u Hr) C - r- r-- 0 \ C : 4-) H *C) .r

1-4 H, m H -4 H

C) E) 00

CU Q) (f) a)- a)

H4- -4 (1 - O l-o ~~~ ~ ~ r u- CX 4jr0 a) NiU> y 0'- 4 -H 4-)

CIHO - C .40> Hl r- H" r. *H :- I-.
-- -4 H1 * 0 0) -

T a)
__ __ __ __ __ __ __ __ __ 0)j > Ia.

C)E ) C0CJO 0 t

QD H~O> C)71t tC

-H Ub410.4r
(JO 0 (j) T*H)

-4c. .. 4 PC a) Q) (1) C)0) C)

U) Z ~ V0)C)'-4).-f~r4C - C
L. 03 H1 C) -f *r-4Vt C-N 4 )

>~ C) 14 Cl 0 o ) a& )CC
0

00
cn zo 7H) t3CC ) ) t4 4 H H

C)~r- MJC) 0 0 0aC 0 ClW C
-~r c 0o 0) ro-)04-OC

(1)9 a)~.0 4-j (9

113



100- 00

90- 90
,nitedSt ares

80- -80

irted
Kijntdomn

70 'n 70

60- -60

Nethrns

50-- -0

West 0 e .ny

N .- ay --

ttnipUnit -

20nlnted .States e d.n Japan ttan2

ray Italy St'lye

.'lnl 0e-See

1961 1965 1971 1961 1965 19171 16 196S 1971 1161 19165 1971
SNATIONAL SECURITY ECONOMIC COMMUNITY ADVANCEMENT OF
SAND BIG SCIENCE DEVELOPMENT SERVICES SCIENCE

Soure: Table F-4.

~Figure 24. GOVERNMENT FUNDING OF MAJOR GROUPS OF OBJECTIVES
AS A PERCENTAGE OF TOTAL GOVERNMENT R&D EXPENDITURES

/ 114

mie
Staen Swdin Jadli Wenan



oumve: Tabie r:5,"d 0 D, Chm~lgin Prioritios for Go...ugt R&D,

AN BIG SCEC /EENN SR Eorscm

AS, A PECNTG OFGPI-9116,AD16

115



The OECD has used one other index of the relative priority

assigned by its member states to the groups of objectives: the ratio

of expenditures on each group to gross national product. This ratio

is shown in Figure 25 for 1961, 1965, and 1969. Several conclusions

can be drawn from this chart. First, the rank order of the Groups

appears to be I, IV, II, III, and V.9 Second, there is a much greater

range between countries in the degree of support given National Secur-

ity and Big Science (Group I) than there is for the other three groups,

where the nations surveyed tend to cluster closer together. This

suggests that there is a greater degree of consensus regarding the

share of the national wealth that should be devoted to research and

development in Groups II, III, and IV than there is concerning the

share to go to Group I. Third, in Figure 25, as in Figure 24, the

relative position of National Security and Big Science in the countries

that funded it most heavily is seen to be eroding rapidly.

B. GROUP I: NATIONAL SECURITY AND BIG SCIENCE

1. Overview

The share of total Government expenditures on research and develop-

ment devoted to each of the three constituent objectives of Group I--

Defense, Civil Nuclear, and Civil Space--is shown in Table 31 for 1961

and 1971.10 This permits an assessment both of the relative importance

assigned to these three objectives and of changes in priorities that

occurred in the ten years after 1961.

At the highest and least precise level of generalization, it

appears that the Major States tended to emphasize Defense over Civil

Nuclear R&D, that the smaller countries tended to give a higher pri-

ority to Civil Nuclear than to Defense, and that both sets of states

9. Group V, Other Activities, does not appear on either Figure 24
or Figure 25 because it absorbs such a small share of both total
Government R&D expenditures and gross national product. It receives
so little support from any country that it may be safely neglected.

10. For complete data on Group I, see Tables F-6 and F-7.
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Table 31

CONSTITUENT OBJECTIVES OF GROUP I AS A PERCENTAGE OF TOTAL
GOVERNMENT R&D FUNDING, 1961 AND 1971

OBJECTIVES

Defense Civil Nuclear Civil Space

Country 1961 1971a  1961 1971a  1961 1 9 7 1a

Major States:

UNITED STATES 71 53 7 5 12 18
UNITED KINGDOM 65 44 15 9 1 2
FRANCE 44 28 25 15 1 7
WPT GERMANY 22 15 16 17 -- 7
JAPAN 4 2 7 8 ... 1

Other OECD
Nations:

SwedeB 47 31 24 10 -- 1Italyb 7 4 43 23 3 6Spain 4 8 18 17 4 7

Canada 22 11 19 13 ... 1
Belgiumc 2 1 20 16 5 3
Netherlands 4 4 12 8 -- 3
Norway 7 6 15 8 -- 1

a. Or nearest year available.
b. For 1961, read 1963.
c. For 1961, read 1965.

Source: Tables F-9, F-11, and F-13.
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tended to assign a much lower priority to Civil Space. More specifi-

cally, in 1971 the governments of the United States, the United King-

dom, France, and Sweden allocated to Defense from one-quarter to one-

half of all state R&D expenditures, a proportion much larger than

that devoted to Civil Nuclear. West Germany and Canada in 1971

assigned a moderate and roughly equal priority to Defense and Civil

Nuclear. Japan and five smaller states gave clear priority to Civil

Nuclear over Defense, while iLaly allocated almost one-quarter of all

state R&D spending toward the former objective. With the exception

of the United States, every one of the countries surveyed channeled

more government funds into Civil Nuclear than into Civil Space R&D.

Over the decade under investigation, the share of both Defense

and Civil Nuclear tended to contract, while that of Civil Space

tended to expand. In ten out of the twelve states, the relative

importance of both Defense and Civil Nuclear decreased between 1961

and 1971, with the difference that the share of the latter in 1961

tended to be much lower and the decrease tended to be much less

dramatic. As for Civil Space, it began the 1960s with a very small

share of Government R&D funds (little or nothing in half the states

surveyed) and by 1971, even after years of steady growth, still

accounted for only 7 percent or less of the total in eleven out of

the twelve countries. The exception was the United States, where it

absorbed almost one-fifth of Government spending on research and

development.

2. Defense

Figure 26 consists of two chart, which together convey the most

essential information about trends in governmental expenditures on

Defense. In Chart A, US spending is seen to be very high relative

to the other states, but tending to decline.11 It peaked at $7.9

billion in 1963, declined, peaked again in 1967 at $7.7 billion, and

11. A continuous time-series for spending on this objective in
all twelve states will be found in Table F-8.
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then declined again, falling steadily to $6.2 billion in 1971. The

United Kingdom and France ranked second and third in terms of spend-

ing. Expenditures in the former decreased during the 19E0s, reached

a low of $390 million in 1971, and then rebounded to $560 million in

the following year. Expenditures in France, in contrast, rose during

the early 1960s, reached a high of $500 million in 1966, and then

gradually declined to $370 million in 1972. West Germany's expendi-

tures rose to more than $200 million in 1967 and remained more or

less at that level through 1971. No other state devoted as much as

$90 million to Defense R&D. In most countries, expenditures on this

objective increased in the first half of the decade and stabilized or

decreased in the second half.

In those states that allocated the largest percentage of Covern-

ment R&D funds to Defense, the share devoted to this objective tended

to contract; in those states in which the percentage was smallest,

the share tended to remain comparatively stable (see Chart B, Figure

26). 12 Although there were fluctuations in the trend lines for the

six states that placed the greatest emphasis on Defense R&D, the

downward tendency is unmistakable. Between 1961 and 1971, the share

of Defense in the United Kingdom fell by 21 percentage points; in

France and Sweden, by 16 percentage points; and in Canada and West

Germany, by 11 and 7 points, respectively. In the United State-,

after a drastic decline from 71 percent of Government R&D spending

in 1961 to a low of 46 percent in 1965, the share of Defense R&D

expanded to 53 percent in 1968, at which level it remained for the,*

following three years.

a. Degree of "Defense Orientation." For this one objective,

the OECD expended an unusual amount of effort in analyzing the

priority accorded it by the twelve nations surveyed. The OECD

divided the twelve states into three groups--"defense R&D oriented"

states, "moderate defense oriented" states, and "civil R&D oriented"

12. See Table F-9 for complete data.
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states--on the basis of the priority they attached to the objective
of Defense R&D. The results are shown in Table 32.

Table 32

RANK OF DEFENSE R&D AMONG ALL GOVERNMENT
R&D OBJECTIVES IN 19 7 1a

Defense R&D Moderate Civil R&D
Rank Oriented Defense R&D Oriented

1 UNITED STATES
UNITED KINGDOM
FRANCE
Sweden

3 WEST GERMANY

4 Canada

5 Spain
JAPAN

6 Norway
Italy

7 Netherlands

11 Belgium

a. Or nearest year available.

Source: OECD, Chan ing Priorities for Government R&D,
pp. 206-207.

When countries are ranked according to the absolute amounts ex-

pended on Defense research and development in 1971, the three main

clusters remain basically the same, although there are some changes

in the rank order (see Figure 26 and Table 32). But given the wide

range in the levels of GERD and of total government R&D expenditures,

the absolute value of Defense R&D spending is an imprecise guide to

what the OECD refers to as the "degree of defense orientation" in a

given state. In an attempt to measure this quality, the Organization

has developed four indicators.

The first of these has already been introduced in connection with

the discussion of Chart B of Figure 26. This indicator--the share of

Defense R&D expenditures in total Government R&D spending--is perhaps

the most important of the four as an index of state R&D priorities.
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As one might expect, the way in which the states are clustered in

Table 33 is the same as that shown in Table 32. The four Defense R&D

oriented countries fall into the "high" or "significant" percentage

ranges, the moderate into the "moderate," the civil R&D oriented into

the "low" or "very low." The only change in the rank order that needs

to be mentioned is that Sweden replaces France in third place.

The distribution of states according to the second and third

indicators--Defense R&D as a percentage of GERD and of GNP, respec-

tively--is shown in Tables 34 and 35. Once again, the states cluster

together in much the same fashion as they did in Table 32, the only

deviation from the pattern being the relatively high share of GERD

devoted to Defense in Spain.

As for the fourth and last indicator--Defense R&D as a percentage

of total defense spending--the clusters remain the same, but the rank

order among the defense R&D oriented countries is changed: France

moves from third to first place, the United States drops from first

to fourth, and Sweden moves up from fourth to third (compare Tables 32

and 36). More important than shifts in the rank order, however, is

the fact that the defense R&D oriented states all allocated large and

roughly equal proportions of their defense budgets--between 10 and 11

percent--to research and development. In West Germany and Canada,

the shares were much smaller: 5.6 and 3.5 percent, respectively.

No other state channeled as much as 2 percent of its defense expendi-

tures into Defense R&D.

The remarkable consistency in the impressions conveyed by each of

the four OECD indicators emerges with great clarity when the princi-

pal findings are brought together as they are in Table 37. The

defense R&D oriented countries rank "high" or "significant" according

to all four criteria, the moderate defense R&D countries tend to fall

in the "moderate" category, while the civil R&D oriented countries

generally rank "low" or "very low." At least in this one instance,

therefore, there appears to be little need for caution in identifying

a state in terms of its position relative to other states in the

importance it attaches to research and development in the Defense area.
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5 Table 33

INDICATOR 1: DEFENSE R&D AS A PERCENTAGE OF ALL
GOVERNMENT R&D FUNDS IN 1971 a

Percentage Defense R&D Moderate Civil R&D
Range Oriented Defense R&D Oriented

High: UNITED STATES 53
>40 UNITED KINGDOM 44

Significant: Sweden 31
20-39 FRANCE 28

Moderate WEST GERMANY 15
10-19 Canada 11

Low: Spain 8
5-9 Norway 6

Very Low: Netherlands 4
<5 Italy 4

JAPAN 2
_ Belgium 1

a. Or nearest year available.

Source: Table F-9.

Table 34

INDICATOR 2: DEFENSE R&D AS A PERCENTAGE OF GERD IN 1 96 9 a

Percentage Defense R&D Moderate Civil R&D
Range Oriented Defense R&D Oriented

High: UNITED STATES 30.6

>30

Significant: UNITED KINGDOM 27.0
20-29 FRANCE 22.5

Sweden 20.9

Moderate: WEST GERMANY 10.0 Spain 8.6
8-19

Low:
5-7 Canada 6.0

Very Low:
<5 Norway 3.9

Netherlands 2.4
Italy 2.0
Belgium 0.8
JAPAN 0.7

a. Or nearest year available.

Source: Derived from Tables A-2 and F-8.
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Table 35

INDICATOR 3: DEFENSE R&D AS A PERCENTAGE OF GNP IN 1 96 8a

Percentage Defense R&D Moderate Civil R&D
Range Oriented Defense R&D Oriented

High: UNITED STATES 0.89
>0.5 UNITED KINGDOM 0.54

Significant: FRANCE 0.44
0.4-0.5 Sweden 0.40

Moderate: WEST GERMANY 0.20
0.09-0.20 Canada 0.09

Low: Netherlands 0.04
0.04 Norway 0.04

Very Low: Belgium 0.01
< 0.04 JAPAN 0.02

a. GNP at market prices (OECD National Accounts) adjusted to R&D
fiscal years.

b. Data for Spain and Italy not available.

Source: OECD, R&D Trends and Objectives, Appendix, p. 55.

Table 36

INDICATOR 4: DEFENSE R&D AS A PERCENTAGE OF TOTAL
DEFENSE SPENDING IN 1 9 6 9a

Percentage Defense R&D Moderate Civil R&D
Range Oriented Defense R&D Oriented

High: FRANCE 10.8
>10 UNITED KINGDOM 10 7

Sweden 10.7
UNITED STATES 10.1

Significant: WEST GERMANY 5.6
5-10

Moderate: Canada 3.5b

3-5

Low: Netherlands 1.6
1-3 JAPAN 1.3

Norway 1.1
Very Low: Italy 0.5

< 1 Belgium 0.3

a. Data for Spain not available. Source: OECD, Changing Priorities
b. Data are for 1966. for Government R&D, p. 205.
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3 Table 37

INDICATORS OF DEFENSE ORIENTATION IN 1968-1971I
Government Funding of Defense R&D as a Percent of

1. All govt. 4. All defense
Classes Country R&D funds 2. GERD 3. GNP expenditures

Defense R&D UNITED STATES high high high high
Oriented UNITED KINGDOM high significant significant high

FRANCE significant significant significant high
Sweden significant significant significant high

Moderate WEST GERMANY moderate moderate moderate significant
Defense R&D Canada moderate low moderate moderate

Civil R&D Spain low moderate ...
Oriented Norway low very low low low

Netherlands very low very low low low
Italy very low very low ... very low
JAPAN very low very low very low low

Belgium very low very low very low very low

Source: Tables 33 through 36.

b. The Place of Defense RGD in the National Defense Effort.

It might be supposed that a countryt s relative degree of defense R&D

orientation is simply a reflection of the priority that it assigns to

security matters in general. Table 36, which revealed the existence

of a wide range in the shares of total defense spending devoted to

Defense R&D, has already shown that there is reason to doubt this

hypothesis. Table 38, on the other hand, which records the percentage

of total government current expenditures absorbed by national defense

in ten countries in 1969, suggests that defense R&D oriented countries

do tend to devote a larger share of the national budget to security than

do moderate defense R&D countries and that the latter tend to devote

more to security than do the civil R&D oriented countries. There are,
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Table 38

DEFENSE AS A PERCENTAGE OF TOTAL GOVERNMENT
CURRENT EXPENDITURES IN 1969

Percentage Defense R&D Moderate Civil R&D
Range Oriented Defense R&D Oriented

>40 UNITED STATES 41.4

25-30 FRANCE 28.5
UNITED KINGDOM 27.7 ILaly 27.7

20-24 Sweden 21.4 Canada 21.7 Netherlands 20.6
WEST GERMANY 20.4

<20 Belgium 19.6
Norway 19.2

a. Data for Spain and Japan are not available.
b. Data are for 1966.

Source: OECD, Changing Priorities for Government R&D, p. 205.

however, two important differences that need to be noted and that,

taken together, considerably reduce the plausibility of the notion

that the degree of defense R&D orientation can be explained simply in

terms of the degree of defense orientation. First, the boundaries

between categories are not clear. In Table 38, the two moderate

defense R&D countries are joined by one defense R&D oriented country

(Sweden) and one civil R&D oriented country (the Netherlands) in a

set of states spending between 20 and 22 percent of total Government

expenditures on defense. Italy and the United Kingdom, civil and

defense R&D oriented countries, respectively, allocate identical

shares of the state budget to defense. Second, the range in the

shares of defense spending in total Government spending is much more

narrow (between 19 and 42 percent or a ratio of about 1:2) than is

the case when one compares Defense R&D with the quantities used in

constructing the various indicators described above (compare Table 38

with Tables 33 to 36).

c. The Place of Defense R&D in the National R&D Effort. Before

concluding this discussion of Defense R&D, a few observations should

be made concerning some experimental efforts by the OECD to trace the
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3 impact of Defense R&D on the research and development efforts of its

member nations.

Table 39 shows the estimated distribution of Government expendi-

tures on Defense R&D by sector of performance in the late 1960s. The
basic distinction to be noted is that between governments that conduct

most of their Defense R&D themselves and those that assign to the
Business ,Enterprise sector a major role in the performance of this

objective. The five countries that fell into the former category--

Canada, the Netherlands, Norway, Japan and Belgiuml3--were, with onej exception, civil R&D oriented countries. The five that fell into the

latter category--the United States, the United Kingdom, France, Sweden,14
and West Germany --were, with one exception, defense R&D oriented

countries. 1 5 Thus, those governments that emphasize Defense R&D the

least tend to have what little research and development they fund in

this area performed within the Government sector, and those govern-
ments that assign the highest priority to this objective tend to rely

most heavily on Business Enterprise.

In Table 40, there are presented some tentative figures bearing

on the role of Government-funded Defense R&D in the research and

development activities of the Business Enterprise sector. In the

United States, the United Kingdom, and France, this one objective
accounts for 50 or 60 percent of all Government R&D payments to indus-

try. In Sweden and West Germany, its share is even larger: 85 to

90 percent. As for the share of Defense R&D in the total amount of

R&D carried out in the Business Enterprise sector, it ranges from

12 percent or less in Canada and West Germany, to about 20 percent in

13. In the last three states, more than 90 percent of Defense
R&D was performed in the Government sector.

14. In the last two states, three-quarters of Defense R&D was
conducted in the Business Enterprise sector; in the United States
two-thirds of the total was conducted in that sector.

15. In the United Kingdom and France, it should be noted, the
share of Business Enterprise is only slightly larger than that of
Government.
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Table 40

IMPACT OF GOVERNMENT-FUNDED DEFENSE R&D ON R&D PERFORMED
IN THE BUSINESS ENTERPRISE SECTOR

Defense R&D as a Estimated Defense
Percentage of All R&D as a Percentage
Government R&D of All R&D Per-
Payments to formed in BE

Country Year Industry Sector

UNITED STATES 1962 80a
1968 51b  63a  26b 31a

UNITED KINGDOM 1964 90 32
1968 59 19

FRANCE 1963 64 19
1967 53 21

Sweden0  1967 90 15-20

WEST GERMANY 1964 85 12

Canadac  1963 25 8
1965 35 9
1967 31 4
1969 16 ...

Note: All of the percentages in this table, and particularly those in
the second column, should be treated with great caution.

a. Based on government extramural expenditures.
b. Based on industryrs receipts.
c. The figures quoted in the table probably slightly overestimate

the share of all Business Enterprise R&D financed out of defense
funds in Canada and underestimate the percentage in Sweden. For
those two countries, there is a significant difference between
what government reports having given and what industry reports
having received. In addition, in Sweden there is a difference
between the budget data used here and the ISY results.

Source: OECD, R&D Trends and Objectives, Appendix, p. 68.

129



Sweden, France, and the United Kingdom, to 25 percent or more in the

United States. The conclusions to be drawn seem to be, first, that

in all four defense R&D oriented countries and in one moderate defense

R&D country (West Germany), Defense R&D accounts for most--and in at

least two states almost all--Government transfers of funds to Business

for purposes of research and development. Second, in the defense R&D

oriented countries, Government-funded R&D focused on Defense accounts

for a substantial share--more than 20 percent--of all R&D carried out

in the Business Enterprise sector.

3. Civil Nuclear

Among the seven states in which expenditures on this second con-

stituent objective of Group I have been largest, spending in terms of

1961 US dollars has tended to decline in three (the United States,

the United Kingdom, and France), to remain more or less stable in

two (Canada and Italy), and to increase in two (Japan and West Germany)

(see Chart A, Figure 27).16 The United States, as usual, was in first

place, with expenditures in 1971 of $600 million, a sum larger than the

combined expenditures of the Big Four. West Germany and France each

devoted about $200 million to Civil Nuclear R&D; the United Kingdom,

about half as much. Japanese expenditures on this objective were

still only $44 million, less than those of either Italy or Canada.

Turning next to expenditures on Civil Nuclear R&D as a percentage

of total Government R&D funding, we see that the relative importance

of this objective is definitely tending to decrease (see Chart B,

Figure 27).17 Among the Major States, its share in the United States

is low and stable; in West Germany, France, and the United Kingdom,

higher but contracting; and in Japan, low but expanding.

In 1971 there was, in general, little to differentiate the Major

States from the smaller countries, except that it was one of the

latter (Italy with a share of 23 percent) that accorded this objective

16. Complete data will be found in Table F-10.

17. See Table F-l for complete dat.
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the highest priority. Six states, including West Germany and France,

devoted from 10 to 16 percent of state R&D expenditures to Civil

Nuclear R&D. The remaining five states allocated 10 percent or less

to this objective.

4. Civil Space

Chart A of Figure 28 shows that, in ten out of the twelve respond-

ing countries, spending on this objective rose very rapidly in the

early 1960s, after which growth tended to be more moderate (as in West

Germany), to stabilize (as in rance), or to decline (as in the United

States and the United Kingdom). The major exception was Japan, where

spending, although low, was still growing at a rapid rate in the late

1960s.
18

The countries surveyed fall into four distinct categories in terms

of the funds that their governments allocated to Civil Space R&D in

1971. In the first category was the United States, with expenditures

of $2.1 billion, a level of funding more than twenty-two times higher

than that in the second-ranking state. In the second category were

West Germany and France, with expenditures of about $90 million each.

Still further down were the United Kingdom and Italy, each of which

devoted roughly $20 million to Civil Space R&D. In the last category

were the seven remaining states. These gave very little support to

this objective: in no case more than $7 million.

In terms of the share of total Government R&D spending consumed

by research and development focused on Civil Space, the trends that

can be traced in Chart B of Figure 28 are less important than the

distinction to be drawn between the very high priority given to this

objective in the United States and the relatively low priority assigned

it in the eleven other countries. Even in 1971, after the share of

Civil Space had been expanding for years in many of the latter anC

-ontracting dramatically in the United States, the US government still

devoted a relatively large share of its total R&D effort to this

18. Complete data on expenditures will be found in Table F-12.
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objective: 18 percent, compared with 6 or 7 percent in France, West

Germany, Spain, and Italy, and 3 percent or less in the remaining

seven states.19

C. GROUP II: ECONOMIC DEVELOPMENT

1. Overview

It is clear from Table 41 that, in general, the governments of the

twelve member nations of the OECD represented in the survey gave the

highest priority among the three constituent objectives of Economic

Development to Mining and Manufacturing, a lower priority to Agriculture

Table 41

CONSTITUENT OBJECTIVES OF GROUP II AS A PERCENTAGE
OF TOTAL GOVERNMENT R&D FUNDING, 1961 AND 1971

Objectives
Mining & Man- Economic

Agriculture ufacturinQ Services
Country 1961 1971 a  1961 19 7 1a 1961 1971d

Major States:

JAPAN 16 14 11 7 4 2
UNITED KINGDOM 1 2 6 16 1 3
FRANCE 2 4 3 13 3 3
WEST GERMANYb 2 2 4 11 -- 1
UNITED STATES 2 2 1 4 1 2

Other OECD
Nations:

Spainc 17 20 36 30 5 4
Canada 25 21 9 22 1 S
Norway 20 16 7 14 2 3
Belgiumc 8 6 12 15 4 3
Italyc 1 1 -- 14 2 1
Netherlands 11 7 9 7 1 2
Sweden 5 8 3 4 1 4

a. Or nearest year available.
b. For 1961, read 1967.
r. For 1961, read 1965.

Somr,-e: Table F-15.

19. See Table F-13 for detailpd data.

134



I
I

Forestry, Hunting, and Fishing, and lowest pr:.ority to Economic Serv-

ices. This last objective, in fact, received so little support--4

percent or less in eleven out of the twelve responding countries in

1971--that it will not be examined in this section. The analysis

instead will focus on the first two objectives.

In 1961, in seven out of the twelve states, Agriculture absorbed
a larger fraction of total Government R&D expenditures than did Mining

and Manufacturing. By 1971, however, because the share of Agriculture

had tended to contract or remain stable during the 1960s while the

share of Mining and Manufacturing had tended to expand, two-thirds of

the countries represented were giving greater emphasis to Mining and

Manufacturing than to Agriculture. Of the five Major States, four

conformed to this pattern; three--the United Kingdom, France, and

West Germany--weighted their Economic Development activities heavily

in favor of Mining and Manufacturing R&D. Japan was the principal

exception: the share of the latter objective was only half as large

as that of agriculture.
20

2. Agriculture, Forestry, Hunting, and Fishing

Earlier in this chapter, in the discussion of Table 30, it was

observed that the figures for Group IV (Advancement of Science) might

be inflated due to the inclusion in that group of expenditures on

objectives such as Health or Agriculture. The OECD statement of the

problem as it applies to the latter is worth repeating:

The main problem of comparison in this objective is
not to define "Agriculture" itself but to decide
what constitutes R & D funds "voted in support of
agriculture." The relevant funds of ministries of
agriculture should clearly be included but the posi-
tion is less clear for research councils and uni-
versity research. Some agricultural research
councils are funded by ministries of education or
science and could, therefore, also quite reasonably
be included in "Advancement of Research." In
addition, universities perform significant amounts

20. For more detailed information on the constituent objectives

of Group II, see Tables F-14 and F-15.
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of agricultural research using the funds voted to them
in support of their general mission of education and
research. These latter sums are generally included
in advancement of science via general university
funds. However, though the governments have no con-
trol over the amount and area of agricultural research
performed at universities, in many countries the sums
concerned are known and governments may take them
into consideration when planning their specific sup--
port of R & D for agriculture.

21

These considerations led the OECD to prepare two series of statis-

tics on this objective: Series I, the so-called "lower estimate,"

reflects primarily direct Government funding through the various

ministries concerned and is the basis for the preceding estimate of

the relative importance of Agriculture R&D within Group II. Series

II, the "upper estimate," includes programs previously subsumed under

Advancement of Science and is a product of a special effort by the

Organization to recalculate the data. As can be seen in Figures 29

and 30 and Tables 42 and 43, the effect of this recomputation on the

absolute and relative positions of the states is often substantial.

In both Series I and Series II of Figure 29, expenditures on

Agriculture R&D in 1961 US dollars are shown to be rising. The differ-

ence is that in Series II, the trend lines for Japan, West Germany,

the United Kingdom, France, and two smaller countries are all dis-

placed upward. The impact on the relative standing of the countries

may be judged from Table 42. The United States remains in first

place with expenditures of $240 million. Japan remains in second

place, but the reported level of support increases from $82 to $106

million. West Germany and the United Kingdom each more than double

their expenditures and move ahead of France in the rank order.

Trends in expenditures on Agriculture R&D as a percentage of total

Government R&D funding were mixed: in one-half of the states the

share of this objective contracted, in the other half it expanded

(see Figure 30). Once again, the most significant point to emerge

21. OECD, Changing Priorities for Government R&D, pp. 253-54.
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3 Table 42

GOVERNMENT EXPENDITURES ON AGRICULTURE, FORESTRY, AND FISHING
R&D IN 1971

a

(in millions of 1961 US dollars)

>100 50-100 25-50 10-25 <10

Lower Estimateb

UNITED STATES 240 Canada 89 FRANCE 47 Netherlands 14 Spain 9
JAPAN 82 WEST GERMANY 30 Sweden 14 Norway 8

_ _UNITED KINGDOM 27 Italy 4

Upper Estimatec

JAPAN 106 WEST GERMANY 76 FRANCE 48 Netherlands 20
UNITED KINGDOM 62 Italy 11Belgium 11

a. Or nearest year available.
b. Data not available for Belgium.
c. Data not available for Canada, Norway, Spain, Sweden, and the United States.

Source: For lower estimate, Table F-14; for upper estimate, OECD, Changing
Priorities for Government R&D, pp. 268-69.

I
Table 43

PERCENTAGE OF TOTAL GOVERNMENT R&D EXPENDITURES DEVOTED
TO AGRICULTURE, FORESTRY, AND FISHING R&D IN 1 9 7 1 a

>20 15-20 i10-15 5-10 <5

Lower Estimateb 

Canada 21 Norway 16 JAPAN 14 1Sweden 8 FRANCE 4

Spain 20 Netherlands 7 UNITED KINGDOM 2
WEST GERMANY 2UNITED STATES 2

Upper Estimate 
C

6 UNITED KINGDOM 5
WEST GERMANY 5 Italy 4

FRANCE 3

I a. Or nearest year available.
b. Data not available for Belgium.
c. Data not available tor canada, Norway, Spain, Sweoen, ana the Unitea States.

i Source: For lower estimate, Table F-15; tor upper estimate, OECD, Changing

Priorities tor Government R&D, pp. 268-69.
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from a comparison of Series I and II in this figure is that, for five

of the six states for which the data were recomputed, the trend lines

are displaced upward. Table 43 charts the change in the share which

this objective accounted for in each country in 1971. Canada and

Spain still devoted the largest share ol their governmental R&D re-

sources to Agriculture--about 20 percent. Japan was still the only

one of the Major States to attach much importance to Agriculture R&D;

its share grew from 14 to 18 percent. These three and Norway, with

16 percent, were the only ones to devote more than 15 percent of their

R&D effort to Agriculture. The share in the four other Major States

was in each case 5 percent or less even after the data revisions out-

lined above had been made.

3. Mining and Manufacturing

During the period under review, expenditures on this objective

increased in every one of the twelve countries represented, often

very substantially (see Figure 31, Chart A). The four countries that

ranked highest in 1971 were grouped fairly close together and were all

Major States: the United States with $440 million, the United Kingdom

with $200 million, Prance with $180 million, and West Germany with

$150 million. Of the remaining eight states, none allocated more

than $100 million to Mining and Manufacturing.

As a result of fluctuations in the shares of state R&D spending

devoted to this objective, the pattern in Chart B of Figure 31 is a

complicated one that all but conceals the fact that the relative

importance of Mining and Manufacturing increased between 1961 and

1971 in three-quarters of the responding countries, including all of

the Major States except Japan. As late as 1971, however, this objec-

tive was still assigned a relatively modest priority in most states,

albeit a priority higher than that of Agriculture. Spain and Canada,

with shares of 30 and 22 percent, respectively, were the only countries

whose governments can be said to have placed much emphasis on Mining

and Manufacturing R&D. The share in the United Kingdom, the state

which ranked third, was only 16 percent. Another five states,
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including Jest Germany and France, registered modest shares of between

10 and 15 percent. The remaining four devoted 7 percent or less to

this objective.

D. GROUP III: COMMUNITY SERVICES

1. Overview

This group is composed of four objectives: Health, Pollution,

Public Welfare, and Other Comnunity Services. Of these, only the

first absorbs a significant share of total government R&D ,xpenditures

(see Table 44). In no country did the share devoted to PoLlution or

Table 44

CONSTITUENT OBJECTIVES OF GROUP III AS A PERCENTAGE ,F
TOTAL GOVERNMENT R&D FUNDING, 1961 AND 19 7 1a

OBJECTIVES

Ot: er
Public Comrn inity

liealth Pollution Welfare Ser. ces

Country 1961 1971 1961 1971 1961 1971 1961 f'i71
Major States:

UNITED STATES 5 9 -- 1 -- 2 -- 1
JAPAN 1 2 ... ... 1 2 1 1
WEST GERMANYb 2 3 -- -- 1 1 ...
FRANCE -- 2 ... ... -- 1 --

UNITED KINGDOM -- 1 ... ... ... ... -- 1
Other OECD Nations:

Belgiumc  14 16 1 1 3 5 3 .
Netherlands 5 5 3 2 4 6 1 2
Sweden 4 8 ... 1 1 3 1
Canada 3 10 ... - -- -- --

Norw a 5 5 ... ... 2 2 1 1
Italy 1 2 ... ... - -- -- ]
Spain ... ... ...

a. Or nearest year available.
b. For 1961, read 1967.
c. For 1961, read 1965.

Source: Table F-17.
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Other Community Services rise above 4 percent, and only in Belgium
and the Netherlands in 1971 did the share allocated to Public Welfare

rise as high as 5 or 6 percent. These last three objectives, con-

sequently, will be excluded from the analysis.22

2. Health

For this objective, as for Agriculture, the OECD has reallocated

part of the R&D expenditures formerly assigned to Advancement of

Science. The effects on the statistics on research and development

in the area of Health are, if anything, even more dramatic than they

were for Agriculture.

Several conclusions can be drawn from Figure 32, which shows

Government spending on Health R&D (in 1961 dollars) during the 1960s

and early 1970s. First, expenditures on this objective increased in

virtually every state according to both of the statistical series

developed by the OECD. Second, for every one of the nine states for

which the data were recomputed, the result was an upward displacement

in the trend line (compare Series I and II). Third, in contrast to

what happened in the case of Agriculture, there is apparent a definite

flattening of the curve for at least four states: Japan, France, the

United Kingdom, and Italy. This suggests that Health R&D performed

in universities and colleges and formerly concealed within Advance-

ment of Science accounted for a much larger share of all Health R&D

in the early 1960s than it did toward the end of the decade. Fourth,

while Series II still shows the United States spending far more on

this objective than any other state, the adjustments in the data

result in a definite closing of the gap between the United States and

the remaining nine countries represented.

Table 45 shows how dramatic the impact of the OECD effort is on

our 4mage of the situation in 1971. French government spending on

Health R&D more than doubles from $25 to $67 million, while expendi-

tures in the United Kingdom increase fourfold from $14 to $55 million,

22. For more detailed information on Group III objectives, see

Tables F-16 and F-17.
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Table 45

GOVERNMENT EXPENDITURES ON HEALTH R&D IN 1 97 1a
(in millions of 1961 US dollars)!

>30 9 00 0 2-50 1 21 <10

Lower Estimateb

'II.TTEPS TA-ESi 99J0 Canaoa 44 FRAN E 27Netherlands 9
WEST GERPANY 3S !INITEC KINSIC:: 14 Italy 7

Sweden 14 Norway
JAPAN 11

ipper Es:imate c

STATES 1,061 IWEST GEP.ANY 171 f Canada 46
JAPAN 88 Italy 38
FRANCE 67 Netherlands 29

I T:ITED KIN('c: 5 Belgium 27

I rr nearest available year.
b. "ata not available for Belgium and Spain.

r. 7:ata not ivailable for Ncrsuav, Spain, an2! Swede

ciurce: tFc lcwer esirrae, 7able F-1s; ror upper ecti-Ite, 7F>, an in Pricrities
tr - . rnment RgC, pp. '.5-27.

Table 46

PERCENTAGE OF TOTAL GOVERNMENT R&D EXPENDITURES DEVOTED
TO HEALTH R&D IN 1 97 1a

15-20 10-15 5-10 <5

Lower Estimate b  -

Canada 10 UNITED STATES 9 Netherlands 5
Sweden 8 Norway 5

Italy 3
WEST GERMANY 3
JAPAN 2
FRANCE 2
UNITED KINGDOM 1

Upper Estimate 
c

Belgium 16 Netherlands 15 UNITED STATES 9 FRANCE 5

JAPAN 15 Italy 13 UNITED KINGDOM 4

WEST GERMANY 12
Canada 11

. Cr nearest year available.
b. Data not available for Belgium and Spain.
c. Data not 3vailable for Norway, Spain, and Sweden.

Source: For lower estimate, Table F-17; for upper estimate, OECD,
Changing Priorities for Government R&D, pp. 326-27.
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in West Germany by fivefold from $35 to $171 million, and in Japan by
eightfold from $11 to $88 million. The magnitude of the Japanese

increase results in its moving from last to second place among the

Big Four.

Expenditures on Health R&D as a percentage of total Government
spending on research and development are displayed in Figure 33. A
comparison of Series I and II reveals that, not only does the OECD's
recalculation result in an upward displacement in the trend lines for
the respective countries, it also changes the shape of those curves,

in most cases almost beyond recognition. The impact on the relative
standing of the countries surveyed emerges with greater clarity in
Table 46. Whereas according to the lower estimate the United States
ranked first among the Major States in 1971 with a share of 9 percent
and the Big Four clustered close together further down with shares of

from 1 to 3 percent, according to the upper estimate the United States
ranked third (with its share unchanged at 9 percent) behind Japan

with 15 percent and West Germany with 12 percent. The Netherlands

and Italy also registered large increases.

The net effect of these changes is to raise Health from a compara-
tively unimportant objective to one of considerable significance in a

number of countries. If Series I is relied upon, the rank of Health

among the fourteen OECD objectives ranges from second to fifth in 3

states and from sixth to ninth in 7 states. If Series II is sub-

stituted, the number of states in the first set increases from 3 to

7, while that in the second set decreases from 7 to 2.

E. GROUP IV: ADVANCEMENT OF SCIENCE

1. Overview

The two constituent objectives of this group require definition.

Expenditures on "Advancement of Research" R&D include:

furls voted to foundations, programmes and institu-
tions devoted to research of a general nature or
research on various broad fields, whose projects
are usually chosen using scientific criteria. 23

23. OECD, Changing Priorities for Government R&D, p. 379.
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"Advancement of Science via General University Funds," on the other

hand, comprises:

research financed out of the funds that government
allocates to universities usually through the Ministry
of Education, to accomplish their mission of teaching
and training. Each university then determine* the
share of general funds to be devoted to R&D.24

Among the nine countries for which it is possible to make compar-

isons, 2 5 six, including Japan and West Germany, place greater emphasis

on the latter objective, while the other three, including France and

the United Kingdom, assign a higher priority to the former (see

Table 47). The six states that allocate a higher share of their

research and development expenditures to Advancement of Science via

General University Funds tend to assign a greater importance to this

objective than the three states that allocate a larger share to

Advancement of Research do to that objective, probably because, as

has been explained several times earlier in this chapter, the first

of the two includes a great deal of research that properly should be

subsumed under other objectives.

Over the ten years from 1961 to 1971, the share of all Government

support for R&D consumed by each of these two objectives has gradually

increased in about two-thirds of the responding states.
26

2. Advancement of Research

Figure 34, Chart A, shows that spending on this objective tended

to increase gradually and in most cases steadily in the twelve re-

sponding countries.27 At the end of the period for which data were

24. Ibid, p. 397.

25. There are no data for the United States, Canada, or Belgium
on Advancement of Science via General University funds.

26. For more complete data on Group IV objectives, see Tables
P-18 and F-19.

27. For an explanation of the two series used for the United
Kingdom and the discontinuity in the West German data, see OECD,
Changing Priorities for Government R&D, p. 381.
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Table 47

CONSTITUENT OBJECTIVES OF GROUP IV AS A PERCENTAGE OF
TOTAL GOVERNMENT R&D FUNDING, 1961 AND 19 71a

Ob i e c ti v e s
Advancement of

Advancement of Science via General

Research University Funds
Country 1961 1971 1961 1971

Major States:

JAPAN .... 56 61
WEST GERMANY 3 8 34 33
UNITED KINGDOM 6 16 6 10
FRANCE 13 15 7 11
UNITED STATES 1 3

Other OECD Nations:

Netherlands 4 7 45 45
Italyb 20 18 29 29
Norway 11 8 31 35
Belgium b  29 31 ......
SwedeD 2 6 12 23
SpainD 18 13 -- 1
Canada 17 10

a. Or nearest year available
b. For 1961, read 1965.

Source: Table F-19.

available, four of the Major States were clustered comparatively close

together, with expenditures on this objective ranging from about $110

million in West Germany to roughly $200 million in France and the

United Kingdom, to $330 million in the United States. Expenditures

in the fifth Major State, Japan, were negligible. Italy, Belgium,

and Canada constituted a middle-ranking grouping of countries devoting

from $44 to $56 million to Advancement of Research. The remaining

four states allocated $12 million or less to this objective.

Trend lines showing the percentage of Government R&D spending on

Advancement of Research fluctuate and do not conform to any common

pattern. In nine out of the twelve states, however, the share was

149



A B
In millions of 1961 UIS dollars As percent of total govern-

ment R&D funding

10am is-

usp
- --- - - Fra 

. -

00 UK 11ikS

-r, U-- _.-

-

I-77
T. - os Can

011Source: OECD, Cangn roiisfrGvrmn &,GahL

p. ~ ~ ~ ~ ~ ~ ~ t 378. Se aloTfie -8an -

0'f 'S
-. 46d

Figure 34. GVERNMENT FUNING OF ADVACEMETOiEERHRDI

150S"o

jaL



U!
I

larger in 1971 than in 1961 (see Figure 34, Chart B). Belgium was

the only state to assign a high priority to this objective. Its share

(31 percent) was about twice as large as that of the United Kingdom

or France and two-thirds again as large as that of Italy. In the

remaining eight states, the share was 13 percent or less

3. Advancement of Science via General University Funds

Expenditures in this objective tended to follow a steady upward

course (see Chart A, Figure 35). The nine states for which data are

available for 1971 appear to fall into four distinct groups. First

are West Germany and Japan, with expenditures of $470 and $360 million,

respectively. Some distance further down are France and the United

Kingdom, with about $140 million each. Still further down are Italy

and the Netherlands, with about $87 million each, and, below them,

the other three states.

The shares of total Government R&D expenditures allocated to

Advancement of Science via General University Funds are spread over

a wide range, as is shown on Chart B of Figure 35. In five states

the share in 1971 was larger than it had been in 1961, in three states

it remained about the same, and in one it declined. In general, the

rank order among the states remained much the same. Among the four

Major States for which statistics have been gathered by the OECD,

Japan ranked first, with 61 percent of the state's allocations to

research and development ostensibly being consumed by this one objec-

tive. West Germany's share was much smaller--only 33 percent, while

those of France and the United Kingdom were smaller still--about 10

percent each.

F. GROUP V: OTHER ACTIVITIES

As can be seen in Table 48, the share of Government R&D funds

channeled into the two constituent objectives of this group--Develop-

ing Countries and Miscellaneous--have been infinitesimal or, at best,

151



A B
In millions of 1961 US dollars As percent of total governiment

R&D funding y

Saop

- - - - - - - so

50 00

SwS
Nee

- ~ 0 -- -- 30

01 ita

SweI

Lra

U K

1%) 62 63 64 6 6 61( 9 10 1 216 7 6 4 65 6 67 68 69 70 71 7? 0.......I.I.....-

Source: OECD, Changing Priorities for Government R&D, Graph M, p. 396. See
Tables F-l8 and F-lT-

Figure 35. GOVERNMENT FUNDING OF ADVANCEMENT OF SCIENCE
VIA GENERAL UNIVERSITY FUNDS R&D

152



I"
I

Table 48

CONSTITUENT OBJECTIVES OF GROUP V AS A PERCENTAGE OF

TOTAL GOVERNMENT R&D FUNDING, 1961 AND 1 9 7 1a

Ob ectives
Developing Countries Miscellaneous

Country 1961 1971 1961 1971

Major States:

WEST GERMANYb ...... 6 5
FRANCE 2 2 .....
UNITED KINGDOM -- 1 1 1
JAPAN ... ... 1 1
UNITED STATES ........

Other OECD Nations:

Netherlands -- 1 -- 1
Canada ... -- 4 1
Belgiumc •.. ...
Italyc -- 1 --

Sweden ............

Norway ......
Spain ............

a. Or nearest year available.
b. For 1961, read 1967.
c. For 1961, read 1965.

Source: Table F-21.

very small.2 8 Group V is essentially a residual statistical category,

plays no significant role in the R&D policies of any state, and there-

fore will not be investigated here.

28. See Tables F-20 and F-21 for more complete data on Group V

objectives.
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V

ALLOCATION OF FINANCIAL RESOURCES TO R&D

BY SELECTED NON-OECD COUNTRIES

A. INTRODUCTION

In Chapter II it was suggested that when one leaves the R&D sta-

tistics of the OECD countries and moves to those of the non-OECD

countries, he enters a quite different world--both literally and

figuratively. Literally, because the OECD countries, by and large,

constitute most of the advanced nations of the world, while the non-

OECD countries, with the exception chiefly of the Soviet Union and
several East European states, basically constitute the less developed

countries, or LDCs. One enters a different world figuratively because

the non-OECD (i.e., UNESCO) statistics differ considerably in consist-

ency, comprehensiveness, and reliability from those developed in the

OECD's special surveys of its members.

Consequently, it was neither possible nor desirable in this por-

tion of the paper to present or analyze the R&D statistics for the

non-OECD countries in the same detail as for the OECD members. More-

over, the reader will note that not only are there fewer tables and

detailed statistical breakouts for the non-OECD countries, but that

the countries displayed in the various breakouts are not always

identical. In other words, the data available for some countries

were simply not available for others. The major countries are usually

fairly well represented, however, and for the others we have tried to

select, from those for whom data were available, countries that were

illustrative of their geographic regions.

The reader will also note that the UNESCO terminology is differ-

ent from that of the OECD in some of the statistical areas. This is

especially noticeable in the portions dealing with "sectors of per-

formance" and "sources of funds," and is due to the greater complexity
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of political and economic systems in the UNESCO's worldwide member-

ship, as opposed to the more homogeneous membership of the OECD.

The chief problem here is one of separating "Government" and "Produc-

tive" sectors from each other in countries where private enterprise

as such does not exist--for example, in the Communist countries. For

reference purposes, there are quoted below the UNESCO definitions for

the categories in both sectors of performance and sources of funds:

1. Sectors of Performance

The sectors of performance identify those areas of the economy in
which R&D work is performed. The term "sector of performance" dis-
tinguishes the execution or performance of R&D activities from their
financing. Three sectors of performance have been established for
the purpose of the survey and defined, to the fullest extent possible,
in accordance with the definitions of the United Nations System of
National Accounts (SNA) and the System of Material Product Balances
(MPS) as used by socialist countries.

Productive sector:
In general this sector includes:
(a) both domestic and foreign-owned industrial and trading
establishments located in the country, which produce and dis-
tribute goods and services for sale, and organizations
directly serving them, whatever their form of ownership,
private, non-profit, or government. It also includes govern-
ment monopolies and nationalized industries, particularly
publir utilities, transport undertakings, post offices,
communications and broadcasting, and all other government
establishments which function as productive units;
(b) also included are governmental or non-governmental organi-
zations and private non-profit institutions mainly or exclu-
sively serving industrial and trading establishments, except
those institutes, experimental stations, etc., operating under
the direct control of or being associated with institutions of
higher education (see below). In socialist countries R&D
institutes of branch ministries are to be classified in this
sector.
Integrated and non-integrated R&D. Due to the different structure

of the productive sector in countries with different socio-economic
c ystems and in order to facilitate ccnparisons, the R&D effort should
be measured on the following two "levels":

(a) Integrated R&D. This includes all R&D activities inte-
grated or directly associated with other economic activities
of industrial and trading establishments, or groups of such
establishments belonging to the same enterprise as defined in I.
(a) above.
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(b) Non-integrated R&D. This includes all R&D activities not
integrated or directly associated with other economic activi-
ties, executed by such governmental or non-governmental
organizations or institutes defined in (b) above which are
serving a specific two- or three-digit group of the economy,
even if they are partly or wholly financed by the State budget
or, in the case of East European countries, by the Technical
and Economic Progress Fund.

Higher education sector. This sector comprises all institutions of
higher education at the third level which require, as a minimum
condition of admission, the successful completion of education at the
second level, or evidence of the attainment of an equivalent level or
knowledge, i.e., all universities, colleges of technology, etc., what-
ever their source of finance, or their legal or economic status. It
also includes experimental stations, clinics, and research institutes
operating under the direct control of institutions of higher education
administered by or associated with them. It excludes national research
councils which are classified in the general service sector.

General service sector. The general service sector comprises all R&D
activities not covered above. In general, it includes all bodies,
departments and establishments of government--central, state or pro-
vincial, district or county, municipal, town or village--which serve
the community as a whole, and engage in a wide range of usual govern-
ment services such as administration, defence and regulation of public
order, health, cultural, recreational and other social services and

promotion of economic growth and welfare and technological development.
It includes laboratories of national research councils as well as
academies of science, professional scientific organizations, State

museums, scientific societies and other non-profit organizations
which primarily serve government, even though they are not formally

part of the government. It excludes institutions of higher education,

as well as government monopolies and nationalized industries which

function as productive enterprises and government services and organi-

zations which serve enterprises of a specific two- or three-digit

group of the economy. These belong to the productive sector or the

higher education sector, as defined above.

2. Sources of Funds

The sources of funds for expenditure on R&D are defined as follows:

Government funds. This includes all funds originating from the

ordinary or extraordinary budget or from extra-budgetary sources of

both the central government and the state and local governments such

as provincial, district or county, municipal town or village. It

also includes the funds originating from those intermediary public

and private organizations which are set up by government and whose

financial means are exclusively provided by government.
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Productive enterprise funds. This includes all those funds allocated
to RK-D by establishments of the productive sector, as defined under
"Sectors of performance," which originate from the economic activities
of these establishments. That is, the R&D funds made available from
the production of goods and services for sale on the market.

Special funds. This category of source of funds primarily provides
for the structure of finance of R&D in East European countries. As
far as these countries are concerned special funds include, above all,
the financial means originating from the Technical and Economic
Progress Fund and from similar funds.

Foreign funds. This category includes all funds received from abroac
for R&D performed inside the reporting country by establishments,
departments and institutions which are defined under "Sectors of per-
formance." It covers funds received from international organizations
(whether located inside or outside the country), foreign governments
and private funds from abroad, including funds from parent or affili-
ated organizations or companies abroad.

Other funds. Includes all funds which cannot be classified in one of
the preceding categories, such as endowments or gifts. This category
also includes own funds of institutions of higher education.1

The differences between OECD and UNESCO terminology are not so

great, however, as to render impossible at least general comparisons.

Occasionally we shall suggest such comparisons where they appear

justified. Let us now look at some very broad indications of the

gross expenditures on R&D (GERD) for some selected non-OECD countries.

B. MAJOR TRENDS IN GERD

We have already called attention to the wide disparity between

the developed countries and the underdeveloped countries in their ex-

penditures on research and development. Figure 36 makes this point

even more starkly. 2 It will be noted that India appears in both

1. UNESCO, Statistical Abstract 1971, pp. 579-80 and p. 582.

2. The following discussion should be read in conjunction with
Table G-l, "Historical Trends in GERD, Selected Non-OECD Countries,"
and Table A-1, "Gross Expenditures on Research and Development During
the 1960s: National and Regional Totals," in Part II. Any references
to specific numbers or countries that do not appear on Figures 36-A
or 36-B are derived from these referenced tables in Part II. -
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Figures 36-A and 36-B--barely registering on the billion-dollar scale

of the former, where it is grouped with the Soviet Union, Czechoslova-

kia, and Poland, and yet dominating other "Third World" countries on

the million-dollar scale of the latter, where this time, for example,

Chad and Ghana barely register. To make the point more specificaily,

while India's $180 million R&D expenditure in 1969 was very large by

Third World standards, especially compared with the two or three

millions of some of the African countries, and even with the $39

million of Iran (1970) or the $70 million of Israel (see Table G-2),

it was well below the $1 billion of Poland, it was less than a third

of the $585 million expenditure of the Netherlands, and was infinitesi-

mal compared with the nearly $24 billion R&D expenditure of the Soviet

Union.
3

This disproportion between the R&D expenditures of the Soviet

Union and those of the other countries shown in Figure 36 is the

second major point highlighted by this chart. To some extent the

position of the Soviet Union among the non-OECD countries is analogous

to that of the United States within the OECD. There is, of course,

apparently little parallel between Soviet and US civilian R&D expen-

ditures, and, as noted earlier, there is great uncertainty regarding

the actual size of Soviet military R&D outlays. (Some estimates

place Soviet military R&D expenditures alone at a level equal to or

even higher than the total national Soviet R&D expenditures shown

here.) But whatever the estimate used, the Soviet Union clearly far

surpasses all other non-OECD nations--and also all OECD nations except

the United States--in the scale of its national R&D efforts.

A third inference to be drawn from this figure (and from Table

G-1 on which it is based) is that R&D expenditures in the non-OECD

countries have been generally increasing. Because of the incomplete-

ness of the data, however, and other factors, such as changing valua- -.

tions of national currencies, this trend must be left only as a 1,

general inference. 1.
3. See Note 12, Chapter II, regarding the controversial nature

of estimates of Soviet R&D expenditures.
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C. GERD AS A PERCENTAGE OF GNP4

While the figures for GERD in the preceding section give some

idea of the relative gross efforts of various non-OECD countries in

their R&D expenditures, they do not convey much sense of the actual

priority accorded R&D--that is, the intensiveness of the R&D effort

of those countries. Assessing GERD as a percentage of GNP offers an

approximation of this degree of intensiveness.

Admittedly, comparing percentages of GNP devoted to R&D by various

countries acquired something of a bad name several years ago when

such percentages appeared sometimes to be treated almost as national

targets, with insufficient concern for the purposes and anticipated

effectiveness of the expenditures. Moreover, there are special

problems in making accurate measurements of GNP for the non-OECD

countries because of the generally poorer systems of economic statis-

tics that are encountered in most of them. 5 It should be clear that

the following figures for GERD as a percentage of GNP in che non-OECD

countries should be treated only as general indicators.

Having said so nu'-h, let us look at the standing of some of the

major non-OECD countr-es in terms of their gross expenditures on R&D

expressed as a percentage of GNP (Figure 37). One is struck immediately

by the very high figures for the Soviet Union and Czechoslovakia--

5.11 percent and 4.97 percent, respectively, in 1969. Even if we take

4. This section should be read in conjunction with Tables G-2
-n< A-4.

3. Table G-2 shows the basis for the percentages used in this
-icn. For the Soviet bloc countries, and for several others, it
<' e, desirable to use the International Institute for Strategic

The Military Balance as the source for GNP figures, rather
' .-"t Material Pooduct figures of UNESCO. This occasioned
:ilferent final percentages for GERD/GNP than those computed

!-;t these differences were not significant except for the
-.ntries. For these latter, the UNESCO percentages were
w-r and may well be more reasonable than the ones de-

S "7. The respective UNESCO figures for GERD as a
1969 are: USSR, 3.8 percent; Poland, 2.3 per-

-3 ia, 4.1 percent.
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the lower figures computed by UNESCO--3.8 percent and 4.1 percent,

respectively (see footnote 5)--these are still very imposing indices

of national R&D effort, especially if we recall that the United States

at the peak of its huge space and defense programs in 1964 reached a

high point of 3 percent of GNP expended for R&D, which has been declining

ever since. (By 1972 the US figure was down to approximately 2.4

percent. In 1969, the figure for US GERD as a percentage of GNP was

2.8; the United Kingdom stood at 2.4 percent; France at 1.9 percent;

Germany at 1.7 percent; and Japan at 1.5 percent.) The Soviet bloc

figures then are remarkably high. To what extent they represent

reality we are unable to say. At the least, one can deduce that the

Soviet bloc countries listed here almost certainly conduct a sizable

and relatively intensive R&D effort. This conclusion is strengthened

when one also considers the large manpower resources devoted to R&D

that are reported by all these countries (see Figure 43, Chapter VI,

and Table H-l).

Leaving the Soviet bloc and moving to the Third World countries

depicted in Figure 37, we notice a radically different situation. If

we take the frequently cited figure of one percent of GNP expended

for R&D as a sort of rule-of-thumb dividing line between the more-

developed and less-developed countries--at least insofar as their

approach to R&D is concerned--we note once again the relatively low

priority accorded R&D by almost all Third World countries. Israel,

which in 1970 spent 1.29 percent of GNP on R&D, is the only included

country over the one percent mark. All others are well below; except

for Nigeria, in fact, all are below one-half of one percent. India,

which as we noted earlier led the Third World countries in absolute

gross expenditures for R&D, spent only .43 percent of its GNP for

this purpose in 1969; Mexico and Argentina, which were also among the

leaders in absolute gross expenditures for R&D, spent only .14 and
.31 percent of GNP, respectively; and countries such as Ghana and

Kenya spent less than .1 percent. (The GERD figures for Pakistan and

Iraq are only partial and, therefore, the computed percentages of GNP

are also lower than they should be.) Of course, when we couple these

163



very low percentages of GERD in relation to GNP with the fact that

most of these countries have relatively low GNPs also (compared with

the OECD and advanced Soviet bloc countries), we have simply reinforced

our earlier statement that almost all the research and development in

the world is performed in a few advanced countries.

D. GERD BY SOURCE OF FUNDS
6

Our data for GERD by source of funds for non-OECD countries are

not very satisfactory. We have only the one year's data for each

country (usually 1969), and as a glance at Table G-3 will show, there

are quite a few blank spots in the breakout of the various sectors.

There is also no information at all on sources of R&D funds within

the Soviet Union. Still, Figure 38 and Table G-3 do offer a modicum

of enlightenment regarding the sources of R&D funds in several repre-

sentative non-OECD countries.

Perhaps the chief point to strike the reader is the generally high

percentage of R&D funds supplied by Government in most of the included

countries, as compared with the OECD. In none of the countries dis-

played in Figure 38 did Government supply less than 32 percent of

GERD (Poland), whereas in three (India, Iran, and Mexico) the Govern-

ment share was over 90 percent, and in two it was over 70 percent

(South Korea and Nigeria). This can be compared with the OECD where,

among the advanced countries, France had the highest Government share

of GERD with some 63 percent in 1969; the comparable figure in West

Germany was 39 percent and in Japan approximately 26 percent. 7  The

pattern of very high Government funding of R&D does appear, especially

in earlier years, in such OECD countries as Greece (82 percent),

6. This section should be read in conjunction with Table G-3.

7. In the United States the government share of GERD was 57 per-
cent, and in the United Kingdom 50 percent. In all these countries
except Japan, Government has funded very large defense and big science
R&D programs, which by their nature are not conducive to private
enterprise assumption of prime responsibility. See the discussion
of OECD countries in Chapter IV.
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4.

Spain (nearly 74 percent), and Portugal (71 percent)--all in 1964.

In none of these, however, was it even then as high as in the highest

non-OECD countries, and most of the remaining OECD countries have

been consistently much lower. The conclusion would appear evident

that in those countries with a relatively weak Productive Enterprise

sector,8 the Government sector has usually tended to assume the major

responsibility for funding R&D. Of course, in most such countries

(including those OECD members, such as Greece, Spain, and Portugal,
with high Government support of R&D), both GERD itself and GERD as a

percentage of GNP are themselves quite low in comparison with the

major industrialized countries--meaning simply that Government funds

the greatest part of what little R&D is accomplished.

In only two of the included countries in Figure 38 (Poland and

Czechoslovakia) does Productive Enterprise assume a major role as a

source of R&D funds. GERD in both these countries is also relatively

large, which suggests that whatever their form of government these

countries have more in common with the industrialized OECD countries,

from the standpoint of R&D accomplishment and division of responsi-

bility, than they do with the remainder of the world. In Israel, a

relatively industrialized country also, there is nevertheless only
weak support of R&D by Productive Enterprise (9 percent), with Govern-

ment supplying 56 percent of funds, and Foreign sources (plus Other--

the two are not broken out) funding a very high 35 percent of R&D.

This is presumably accounted for by the large external sources of

support available from the world Jewish community and also the United

States.

Figure 39 displays in a different manner some of the same infor-

mation contained in Figure 38, but highlights the comparison between

the Government. and Productive Enterprise sectors.9 Here once again

8. In non-Communist countries, the Productive Enterprise sector

is essentially synonymous with private enterprise.

9. The discussion attending this figure, and Figure 40 referred
to immediately below, should be read in conjunction with Tables G-6
and G-5, respectively. It should be noted that in treating different
countries in these figures we are not always dealing with identical
reference years; in gross terms, however, the comparisons still appear
valid. 166



03

-C4

0

00

z r-
0- OD

X -)

a4 z

Jz 0-

0 004n

0~~~ .- CC

t3) -4)

S 0 C'4 -4

'4 IDT -

C_) E-4

-4 r. 0 -

oo w

N 0) 0

0 ' 0 r-

0l QC OINE .5 0

0 C~ 00~0 0

D 3: 31) 0) 0

H 00r- Q

C.- 00
>~~~' CU 10 HC

0~ 0 0) -,

CO 0 0
ODCJ

fiI 0JV

CT)~~o Li- a)M2 1C

0 (L) 0

U) a) Oj

C O 0 11 Lo
4 0I C')na) p

00 HO R HO 0 D 0E w' 0 L') x LO XO,
a) t- a)] 0 ( a O z0 (3 Or UOO a)~ 0 a) H a) m ) z

0-4 CO-I A - HH - H 4-4Hr- C-)-4 Z ' 4 -

167



-4E-

C ) a) ~ L

z 0to " 5o
r4

L=*~J~ (l
Li Li ca

> E-z

* -4 ,-E- Z

C)Oc [4

C r rL<

-4C

o 4,

-a 0 :r

r-~C ;E l)-'- Lo
r~l o -,

1683



!
I
3 we note the greater relative balance between these two sectors in

Poland and Czechoslovakia. In all other countries displayed, the

dominance of the Government sector in funding R&D is clearly over-

whelming.

One may also explore this question of sources of funds for R&D in

somewhat greater depth by looking at the expenditures of Government
and Productive Enterprise sectors as percentages of GNP. Figure 40

makes such a comparison. The same two points noted previously--the

relative balance between the two sectors in the Communist countries

and the dominance by Government in all others--are again apparent here.

One may note here again the greater relative commitment of national

resources to R&D by the Government of Israel, especially in compari-

son with much larger countries such as India and Mexico. Something

of an anomaly appears in the striking percentage of GNP apparently

committed to R&D, especially by the Government sector, in Zambia.

In total these figures far exceed the percentage allooated even by

Israel, and indeed exceed the percentage of GNP allocated to R&D by

some of the most advanced of the OECD countries. If the figures are

correct--and we display them here as they are reported by, and to,

UNESCO--then it might be surmised that the large relative investment

in R&D by the Zambian government is probably related to the country's

huge copper industry.

E. GERD BY SECTOR OF PERFORMANCE

Let us now turn from sources of funds for R&D to the sectors of

performance--that is, to the matter of where R&D is actually performed,

without regard to how it is funded. Figure 41 shows the same countries

with which we dealt in the previous section, this time with their

respective expenditures for R&D broken out by sectors of performance.

Some interesting comparisons are immediately apparent.
10

10. The percentage figures cited in the following discussion are
derived from Table G-4, which was the basis for Figure 41. Fo even
wider comparisons, the reader's attention is called to Table C-1 in
Part II, which shows GERD by sectors of performance for the OECD nations.
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As before, Poland and Czechoslovakia are in a class by themselves,

not only in the absolute s2ale of R&D performed in the various sectors,
which one would expect, Jut in the overwhelming percentage of R&D per-

formed in the Productive sector.11 In Poland the pertinent figure is
nearly 79 percent, and in Czechoslovakia it is over 82 percent.12 No

other country in this presentation even approximates this distribution:

Zambia is closest, with some 43 percent performed in the Productive

sector, and then South Korea, with 35 percent. In Israel, which is

next, only 16 percent was performed in the Productive sector; in the

Philippines 14 percent; in India 8 percent; and in Mexico less than

6 percent.13

Where, then, is R&D performed in these countries, if not in the

Productive sector? In Israel, by far the greatest portion is in the

Higher Education sector, almost 66 percent. In fact, Israel far
exceeds all the other countries displayed here in the proportion of

GERD performed in the Higher Education sector; Mexico is next, with

nearly 32 percent; then Zambia with nearly 30 percent; the Philippines

with 24 percent; and India with less than 2 percent. By contrast,

the two Eastern European countries, Poland and Czechoslovakia, perform

only 12 percent and 3 percent, respectively, of their R&D in the

Higher Education sector. What, if anything, can be deduced from these

disparities?

11. We can make no pretense of knowing specifically what these
two Communist countries include in the Productive sector. For a gen-
eral description of the category, the reader is referred again to the
definitions in the Introduction to this chapter.

12. By way of comparison, some 70 percent of US GERD in 1969 was
performed in the Business Enterprise sector; 68 percent in West Ger-
many; 67 percent in Japan; 65 percent in the United Kingdom; and 56
percent in France. The pertinent figure for Switzerland was 85 per-
cent. See Table C-1.

13. Again for comparison, of the smaller countries in the OECD,
Sweden in 1969 performed 66 percent of GERD in the Business Enter-
prise sector; Austria 60 percent; Norway 48 percent; Spain 41 percent;
and Greece 27 percent. Only Portugal, with 16 percent (lowest in
this respect in the OECD), could compare with Israel. See Table C-1.
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It will be remembered that in most countries it is fundamental

research (as opposed to applied research or experimental development)

that is usually performed in the universities. As a rule, such

research tends to be more fragmented and individualized, and less

oriented towards a practical p,-oduct. One might assume, therefore,

that Israel tends to emphasize fundamental research very heavily, and

that it may well have major attendant problems (as do most countries

in this respect) in developing effective links between university

research and that done in the commercial sector.

The relatively high percentage of GERD in Mexico that is performed

in the Higher Education sector also suggests a non-commercial orienta-

tion for a considerable portion of that nation's research. It may be

noted that this tendency to have relatively large percentages of the

national research effort performed in the universities appears to be

part of a general pattern in most Latin American countries. One must

also remember, of course, that much of this university research is in

the social sciences, including in some countries the humanities,

architecture, law, and other "soft" sciences. The conclusion is un-

avoidable, therefore, tnat even the relatively small resources allo-

cated to R&D by most Latin American countries involve a disproportionate

amount that is not "innovation oriented." In short, the "modern

scientific revolution" referred to in Chapter I, wherein science and

technology have increasingly blended in a mutually reinforcing system

based on large research teams anci a sophisticated institutional con-

text, has only partially affected the Latin American countries. This

same generalization, of course, is true for most of the Third World.

In addition to the Higher Education sector, the General Service

(or Government) sector also appears to absorb rather high proportions

of GERD in some of the countries displayed in Figure 41. India, Iran,

and Nigeria, where the pertinent figure in each case is over 90 per-

cent, are especially startling in this regard. Indeed, since India

shows less than 2 pprcent of its R&D performed in the universities,

one may wonder somewhat about the correctness of the figures; in any

event, it would appear that these three countries have concentrated
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extremely large portions of the nation's R&D performance in govern-

ment laboratories. While one cannot generalize, it may be noted that

this is a tendency that several of the OECD countries (notably Canada)

have gone to some lengths to attempt to change, in the conviction that

it represents an unhealthy situation for the nation generally. Other

countries where R&D performance in the General Service sector is very

high are Mexico, with some 63 percent; the Philippines, 62 percent;

and South Korea, 61 percent. (We shall disregard Chad, where as we

have noted previously the reported figures are only partial.)

In general, Figure 41 suggests that, with the exception of Poland,

Czechoslovakia, and Zambia, most of the non-OECD countries displayed

have tended to perform the greatest part of their R&D in either govern-

ment laboratories or the universities, or in some combination of both,

whereas most OECD nations (especially the major industrialized ones)

rely to a much greater extent on the Business Enterprise (or, for

UNESCO, Productive) sector for performance of resedrch and development.

F. CURRENT R&D EXPENDITURES BY TYPE OF R&D ACTIVITY
14

Since our data for this particular statistical breakout are

neither very comprehensive nor precise, we shall not explore the sub-

ject in detail. Figure 42 shows a representative group of non-OECD

countries, including most of those with which we dealt in the preced-

ing section. As we should expect, applied research and experimental

development appear to absorb considerably more funds in most of these

countries than does fundamental research, and, as we would also ex-

pect, the two Eastern European countries, Poland and Czechoslovakia,

14. It will be noted that only "current" expenditures are avail-
able here, as opposed to "total" expenditures, which include also
capital expenses. Current expenditures include all labor costs, ex-
pendable supplies, minor equipment, rent, maintenance and repair,
utilities, administrative expenses, and the like, while capital ex-
penditures include investment in land, buildings, and major equipment
(excluding depreciation). See UNESCO, Statistical Yearbook 1971,
pp. 581-82. Figure 42 and the attendant discussion should be read
in conjunction with Table G-7.
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3 dwarf the other countries displayed in all three categories of

research. It might be noted that in Argentina, where some 30 percent

3 of current R&D expenditures is for fundamental research, and in the

Philippines where fundamental research absorbs 27 percent, we see

further evidence of the trend to which we called attention in the

preceding section--to wit, a disproportionate amount of the national

R&D effort being expended in the universities.
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VI

ALLOCATION OF MANPOWER RESOURCES TO R&D
BY SELECTED COUNTRIES WORLDWIDE

In this chapter both OECD and non-OECD countries are included in the

same graphic presentations, and a single data source was used for

all--the UNESCO Statistical Yearbook 1971. These data, as we have

noted previously, were obtained v UNESCO primarily from replies to

the second in a series of annual surveys sent to member states dur-

ing 1970; the replies were also supplemented by official national

publications. The reader is reminded of the cautions set forth ear-

lier about making precise comparisons between countries. At the

least, he should be familiar with the footnotes accompanying the ref-

erenced tables in Part II if any comparisons are made. Moreover,

there is no intention to suggest that "scientists and engineers" in

different countries have received comparable training or that there

is necessarily any correlation between the numbers of R&D personnel

and national competence in research and development.

The following UNESCO definitions apply to the terms used in the

ensuing charts and the attendant discussion:

Scientist and engineer. Includes any person who has re-
ceived scientific or technical training in the natural sci-
ences, engineering, agricultural, medical and social
sciences as follows: completed education at the third
level1 leading to an academic degree; or completed third-
level non-university education (or training) which does not

1. "Third level" institutions are defined as "degree-granting
and non-degree-granting institutions of higher education of all types
(such as universities, teacher-training colleges, technical colleges,
etc.), both public and private. As far as possible, the figures in-
clude part-time ... students, but those for correspondence courses
are generally excluded." UNESCO, Statistical Yearbook 1971, p. 331.
Once again, the reader is reminded that these figures include per-
sonnel not only in the social sciences but, for many countries, such
fields as architecture, law, fine arts, and humanities.
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lead to an academic degree but is nationally recognized as
qualifying for a professional career; or training and pro-
fessional experience which is nationally recognized (e.g.
membership in professional societies, professional certifi-
cate or licence) as being equivalent to the formal education
indicated.

Technician. Includes any person who has received speciali-
zed vocational or technical training in any branch of know-
ledge or technology as specified below: one to two yearst
training beyond completed education at the second level or
three to four yearst training beyond the first cycle of
secondary education, whether or not leading to a degree or
diploma; on-the-job training and professional experience
which is nationally recognized as being equivalent to the
level of education indicated. Laboratory assistants who
meet these requirements are also classed as technicians.

Auxiliary personnel.2 The residual group includes skilled
workers, such as machinists, sheet-metal workers and other
trade workers, operatives, etc., as well as unskilled
workers; all clerical, administrative and other supporting
personnel such as secretariat personnel. Security, jani-
torial and maintenance personnel engaged in general "house-
keeping" activities are excluded. However, scientists and
engineers engaged in any of these activities are included
in the category "Scientist and engineer."3

A. HISTORICAL TREND OF TOTAL PERSONNEL ENGAGED IN R&D

Figure 43 shows three sets of representative 2ountries of the

world grouped roughly according to the size of their R&D work force.

It will be noted that each of the three graphs uses a different scale.

It should also be remembered that, as the preceding definitions make

clear, we are speaking here of total personnel engaged in the R&D

function--that is, not only technically trained persons but unskilled,

clerical, and administrative personnel also (excluding only janitorial

and other housekeeping personnel). Among the world's major countries

2. Even though none of the included tables or charts specifi-
cally breaks out the categories of "technicians" and "auxiliary per-
sonnel," the definitions are included here to show the other categories
that go to make up the total personnel group, other than scientists
and engineers. The definitions also serve to clarify the distinctions
between scientists and engineers and other R&D personnel.

3. UNESCO, Statistical Abstract 1971, p. 578.
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shown in the left-hand presentation of Figure 43, the Soviet Union

appears to have by far the largest number of personnel involved in

its R&D effort, with a total in 1966 of over two million and with the

trend steadily upward. In the United States, the total number of per-

sonnel appears to be less than half t.-at in the USSR, with the upward

trend much more gradual. In Japan, while the number of persons en-

gaged in R&D is substantially below that in the United States, it is

not nearly as much so as one would expect considering the great dif-

ference in R&D expenditures between the two countries (approximately

1:10). Moreover, it is also not clear why Japan should loom so much

larger in total R&D personnel than the major countries of Western

Europe, considering the general similarities in total R&D expendi-

tures of all these countries. Different definitions and reporting

systems may well play a part; on the other hand, we are very likely

also dealing with a genuine major difference in numbers of R&D per-

sonnel, due in varying degrees to a lower wage structure, under-

valued currency, and different overall approaches to the performance

of R&D in Japan. Among the three West European countries displayed,

it will be noted that Germany has rather steadily increased its total

personnel allocated to R&D, France turned slightly down beginning in

about 1968, and the United Kingdom has remained at almost a constant
4

level for some four years.

Among the intermediate countries shown on the center graph, Poland

and Czechoslovakia appear to considerably outstrip the OECD countries

in this category in the total number of personnel allocated to R&D.

(We make no attempt here to compare R&D expenditures between the Com-

munist and OECD countries, as these figures are derived from two dif-

ferent data sources.) Once again, different definitions and reporting

systems between the Communist and OECD countries may possibly account

4. The lower total numbe"' of R&D personnel for the United King- £
dom, compared with France and Germany, is probably partially or
wholly accounted for by the fact that the UK data do not include the
Higher Education sector, nor do they include social sciences. See
pertinent notes to Table H-1 in Part II.
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for some of the disparity. For the OECD countries shown, we may say

that their positions relative to each other accord in general with

what we know of their R&D expenditures--except for Spain, whose stand-

ing appears to be higher than one might otherwise expect.

As for the Third World countries displayed, India clearly dwarfs

all the others. Indeed, if one should take all these figures at face

value, it would appear that India in 1970 had more total personnel

engaged in R&D than either Canada, Italy, or the Netherlands. While

this might in truth be so, because of wage and price differentials

between India and the more developed countries, the differences in

educational and economic systems are such that comparisons are prob-

ably pointless. For the other countries shown, we see an apparent

general upward trend (except for Mexico) in allocation of personnel

resources to R&D; the most we can say, however, is that the totals

for these countries of only a few thousands of R&D personnel generally

accord with what we know of their R&D expenditures.

B. NUMBER OF SCIENTISTS AND ENGINEERS ENGAGED IN R&D

Figure 44 shows numbers of scientists and engineers engaged in

R&D for the same three sets of countries displayed in the previous

figure, with the addition this time of Israel to the third grouping.
5

Among the world's major countries shown in the graph on the left,

approximately the same rank order as on the previous figure is main-

tained--that is, the Soviet Union is far above all the others and

the trend is sharply upward; the United States is next with approxi-

mately half the total of the Soviet Union and the upward trend is

more gradual; Japan follows, with a total a little more than half

that of the United States; arid the three major West European countries

are grouped roughly together at the bottom. The disparity between

Japan and the West European countries here is even more pronounced

than in the previous presentation; once again, we cannot account for

the differences, except as suggested earlier.

5. Data for total R&D personnel were not available for Israel.
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For the intermediate countries displayed in the center graph,

again the same pattern as before generally exists, except that Spain

appears in a position more nearly according with the level of its

R&D expenditures. The trend for all these countries in number of

scientists and engineers engaged in R&D is generally upward--as it

also appears to be for the Third World countries shown on the right.

The differences in the absolute scales for the three graphs, however,

should always be kept in mind; thus, there are approximately 3,000

scientists and engineers engaged in R&D in Israel, 10,000 to 20,000

in Belgium and the Netherlands, respectively, some 75,000 in Germany,

and well over 500,000 in the United States.

It should also be of interest to see in what sectors of perform-

ance the scientists and engineers engaged in R&D in the various coun-

tries are employed. Figure 45 presents this information for a

representative group of countries worldwide. (The required informa-

tion is not available for the Soviet Union, however.) The reader's

attention should be called to the fact that the information is pre-

sented this time on a logarithmic scale that considerably distorts

some of the relative standings, especially, for example, of the
leaders, such as the United States. Special attention should be
given, therefore, to the actual numbers on the scale, rather than

merely to the apparent relative positions of the different countries.

As one would expect, in almost all the more advanced countries

the greatest number of scientists and engineers engaged in R&D are

employed in the Productive sector (for capitalist countries this may

be read as the Business Enterprise sector). In the United States,

Germany, and Poland, especially, it will be noted that those employed

in the Productive sector amount to several times the total for the

next highest sector. In Japan, however, apparently a remarkably large

number of scientists and engineers are employed in the Higher Educa-

tion sector; since the relative Japanese expenditures among the vari-

ous sectors do not parallel this disproportion, one would assume that
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I
Japan has a great many professors of science working in the universi-

ties but supported by comparatively small amounts of funds--and

jindeed, this appears to be the case.
As we move toward the less advanced countries on the lower end

of the scale, we note again the pattern we have grown to expect from

these countries' allocations of financial resources to the various

sectors of performance--that is, proportionately larger numbers of

scientists and engineers working in the Higher Education or General

Service (Government) sectors, as compared with the Productive sector.
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VII

PROJECTIONS OF CURRENT AND FUTURE R&D EXPENDITURES
BY SELECTED MAJOR NATIONS

In Chapters III, IV, and V, past expend. ures on R&D by OECD and

non-OECD nations were analyzed. For all but a few of those countries,

data were available only through the late 1960s. In this chapter, an

attempt is made to estimate present and future levels of support for

R&D by extrapolating from the data base established in the preceding

chapters.

Three restrictions should be noted at the outset. First, projec-

tions have not been made past 1975. Considerable uncertainty is in-

volved in extending the data series even that far, and the problem

worsens, of course, the further into the future ones goes. Second,

because of time and resource constraints, the number of countries for

which projections have been attempted has been limited to five: the

United States, France, West Germany, Japan, and the United Kingdom.

These five countries were responsible for nearly 90 percent of the

R&D accomplished in the non-Communist world in 1969 and thus are

clearly the ones upon which any attempt to estimate future trends in

expenditures should focus. As for projections of the future scale

of Soviet R&D--a subject which is obviously of great interest to US

policymakers--we must once again note the specialized and controver-

sial nature of such estimates and the several large research efforts

already directed solely to that end. A deliberate decision was there-

fore made not to expend the limited resources of this project on

further probing into the area of Soviet R&D.

The third restriction concerns the level of analysis. Projections

have been made only for gross expenditures on R&D (GERD). Estimates

for sources of funds, sectors of performance, and other analytical

categories have not been attempted, largely because the methods used

to obtain the projections are necessarily crude, so crude that any
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effort to refine the estimates into the constituent elements of GERD

would be pointless.

A. METHODOLOGY

The projections are primarily based on the scatistical foundation

provided by the three OECD surveys conducted in the 1960s. The results

of these surveys have already been discussed in Section A of Chapter

III and are displayed in Figure 2 and Table A-1. Information for

each country is available in current US dollars for three points in

time: 1963 or 1964, 1967 or 1968, and 1968 or 1969. The data pertain-

ing to the five countries for which projections have been made here

have been extracted and are listed in Line A of Tables 49 through 53

of this chapter.

Two methods were used to derive the projections. The first in-

volved computing past average annual rates of growth in GERD and then

projecting those rates of growth into the 1969-1975 time period. The

second method involved estimating future GNP and future ratios of GERE

to GDP for each country, from which were derived projections cf future

national expenditures on research and development. Neither of these

approaches is a reliable guide to future developments. Nevertheless,

they appear to be the best available and in fact are the ones used

b', the National S,,ience Foundation (NSF) to project future US spend-

ing on R&D. I

1. Projections Eased on Average Annual Rates of Growth in GERD

The dangers inherent in this method are obvious. There is no

guarantee that the trends in R&D expenditures evident during the 1960s

,ve, <cntinued into the early 1970s or that they will still be in

.. ie; , In 197 . Moreover, there is the question of selecting the

i<ce poric, f - which the average annual rate of growth is to

. iticna! 3.ience Fcundation, National Patterns of R&D
orccs: Funds and Manpower in the United Scates, 1953-1973,

NSF 73-303 (Washington, D.C.: 1973), p. 5.
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be derived. Although in principle a longer period of time would seem

preferable to a shorter one, so that the effects of short-term changes in

the growth rate can be minimized, averages based on the entire 1963/64

to 1968/69 period usually yield unrealistically high projections of
future growth, simply because the rapid upsurge in GERD registered in

many nations in the early and mid-1960s was already tapering off by

the end of the decade. If, in an effort to avoid this pitfall, the

average is derived simply from the late 1960s--that is, from the

data available for 1967/68 and 1968/69--it is clear that the one or

two years surveyed can provide only a very imperfect base from which

to project a trend for the next six years. Because no other alterna-

tives were available, however, both of these methods have been used.

The projections generated appear in Tables 49 through 53 on Lines A,

and A", respectively.

2. Projections Based on GERD as a Percentage of Estimated Future GNP

Deriving future GERD from its estimated share of future GNP offers

even more opportunities for error. 2 The first problem is to project

future gross national product. This has been done by computing the

annual growth rates in GNP in national currencies from 1969 to 1972/73

and then applying those rates to GNP figures expressed in current US

dollars for the last year available (1972 or 1973). This yields GNP

projections in dollars for 1973/74 through 1975. The accuracy of

these GNP projections is dependent on three critical (and to some

extent unrealistic) assumptions: (a) the future rates of growth of

real GNP will continue to be what they have been in the past, (b) past

rates of inflation will continue unchanged in the future, and (c) ex-

change rates will not change between 1972/73 and 1975. While it was

not practicable in this study to attempt to compensate for all the

possible variables that could affect these assumptions, one that

could not be ignored was the energy crisis, which will undoubtedly

2. The procedure discussed in the following paragraphs also de-
scribes the process by which Table I-1 in Part II was constructed.
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have a large negative effect--but of unpredictable dimensions--on

growth rates in GNP in 1974 and 1975. In an effort to compensate for

the effects of this factor, the GNP growth rate was arbitrarily re-

duced by fifty percent.

After projecting each country's future GNP for the years in ques-

tion, the next step was to estimate the future share of GERD in the

gross national product. Two methods were employed. The first was to

make a straight-line projection of the ratio of GERD to GNP for the

last year for which OECD data were available (that is, 1968 or 1969).

Th5q approach has the advantage of being simple but is unlikely to

yield an accurate forecast. The second approach was more complicated

and attempted to take account of the trends that could be discerned

from the available data. Two sources for such trends were used:

(a) Table A-4, which shows GERD as a percentage of GNP for 1961,

1963, 1967, and 1969; and (b) NSF estimates for GERD in the countries

in question, in national currencies for 1970 and 1971,3 divided by

GNP figures for those years compiled by national authorities. What-

ever trends emerged from the two sources were then projected into the

period from 197?' tc 1975. This projection is likely to be somewhat

closer to reality than the preceding "straight-line" one.

In both cases, once the series of GERD/GNP ratios based on past

experiencn were prepared, they were applied to the future GNP projec-

tions in cr !er to cenerate forecasts of future GERD. The projections

based on these two methods will be found in Lines B and B', respec-

tively, of the tables following.

The limited reliability of estimates made in the manner described

is clearly apparent. It would be desirable to check them against

national statistics on GERD, at least through 1972, but it was not

possible in most cases to gather more than fragmentary data from

national sources. The major exception in this regard--and therefore

the major test of the reliability of the methodology--was the United

3. National Science Foundation, National Science Board, Science
and Indicators, 1972 (Washington, D.C.: 1973), p. 102.
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SStates, for which NSF estimates of US GERD were available through

1973. These NSF estimates have been listed in Table 49. Lastly,

any additional (usually fragmentary) information that could be secured

on R&D trends in the other countries has been added to the appropriate

tables as a further check.

3. Summary of Methodology

To recapitulate, then, this chapter contains projections of gross

national expenditures on R&D for the years 1970 through 1975 for the

following five non-Communist major countries: United States (Table 49),

France (Table 50), West Germany (Table 51), Japan (Table 52), and the

United Kingdom (Table 53). These projections are of two basic sorts,

each of which in turn contains two variants:

(1) For each of the five countries, projections have first been
made based on average annual rates of growth in GERD. These projec-
tions are based on OECD data for past expenditures (the figures for
past expenditures appear as Line A on the tables), first using rates
of growth during the greater part of the decade of the 1960s (these
projections appear as Line A'), and then a rate of growth during only
the last two or three years of the decade (Line A").

(2) A second set of projections has been made based on estimates
of GERD as a percentage of GNP, first using a straight-line projec-
tion of the ratio of GERD to GNP that obtained in the last year for
which OECD data were available (that is, 1968 or 1969), and then
using varying ratios of GERD to GNP derived from apparent trends in
the early 1970s. These projections appear in Lines B and B?,
respectively.

Lastly, we have added as additional lines on each table any

further data or projections from other sources for the years 1970-1975.

B. VALIDITY OF.THE PROJECTIONS

The caveats expressed in the preceding section should have made

it clear that the projections that follow are very approximate in

nature. At the same time, these estimates do have some basic valid-

ity. They are constructed on the basis of trends that are matters

of current fact. If major and unforeseen changes occur in the trends,

that of course will have an impact on the projections. For the
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moment, however, the methods described above are the best available

for estimating what the R&D expenditures of the several nations may

be now and in the near future. Moreover, since a number of projec-

tions have been made, the reader has the opportunity to choose among

a range of alternatives. Should he have greater expertise than the

authors of this paper pretend to have, or should he be more intimately

acquainted with actual conditions and future national science policies

in these countries, the alternative statistical series may be of some

assistance in making projections of his own.

In a few instances, based on our own familiarity with the data

and with existing trends, we have suggested that some of the projec-

tions appear to be either too high or too low, and we have proposed

figures that seem to us to be more likely to conform to future reality.

These suggestions have no special authority, however, and the reader

may wish to make his own adjustments. What is needed, of course, is

a special study devoted to precisely this question of projections,

so that a wider search might be made for corroborating data and for

more specific indicators of the various nations' future policies on

research and development. Even so, our projections, as they stand,

yield some rather surprising results.

C. THE UNITED STATES

The OECD and NSF data on GERD are identical for 1964 and fairly

close for 1968 and 1969 (see Table 49). Thereafter, projections based

on average annual growth rates derived from the OECD statistics

(Lines A' and All) begin to diverge from the NSF data and estimates

(Line C). The average growth rates of both 6.7 and 5.0 percent per

year proved to be too high when compared with the NSF current estimate.

The former yielded a GERD of $34.5 billion for 1973; the latter, a

GERD of $32.3 billion. The NSF estimate was considerably lower:

$30.1 billion. If this estimate is correct, the US average annual

rate of arowth of GERD is continuing to decline: over the three

years between 1970 and 1973, it was 4.27 percent. If this rate con-

tinues unchanged, US GERD in 1975 will amount to $32.7 billion (see

Line Ct ).
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A comparison of the NSF figures with those derived from the pro-

jected share of GERD in GNP shows that the constant share of 2.8

percent projected in Line B is much too high. Line Bt is, of course,

derived from Line C and therefore yields an identical figure for

1973: $30.1 billion. It should be noted, however, that the $29.5

billion predicted by this method for the following year, on the

assumption that the ratio of GERD to GNP will gradually decline from

2.8 percent in 1969 to 2.1 percent in 1975, is almost $3 billion less

than the $32.4 billion forecast by the Battelle Memorial Institute

for 1974 (see Line D). This suggests that the share of GERD in GNP

may have stabilized for the moment at about 2.3 percent and that the

$29.4 billion projected for 1975 by Line B? is too low.

The Battelle estimate for 1974 is probably the best available for

that year. It assumes, however, that GERD will grow at the usually

high rate of 7.64 percent between 1973 and 1974. Should this prove

to be true and if we assume that GERD grows between 1974 and 1975 at

5.11 percent (the average annual growth rate between 1970 and 1974

obtained by combining the figures used by the NSF and Battelle), then

US GERD in 1975 would total $34.1 billion (see Line DI).

The best estimate for "present" GERD is clearly that prepared by

the National Science Foundation: $30.1 billion.4 US GERD for 1975

will probably fall within the range created by projecting from the

NSF and combined NSF-Battelle data, that is, from the $32.7 to $34.1

billion indicated in Lines C' and D'.

It is worth noting before concluding this section that the above

figurcs for 1975 are well below those generated by the relatively

crude methods used in Lines A' and B but f'll within the range of

figures generated by the somewhat more realistic approach used in

Lines A? and Bt. At least for the United States, therefore, these

two series do provide a rough ind:*cation of present and future levels

of R&D spending.

- 4. Here, and for the remainder of this chapter, "the present"

is defined as 1973. .
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D. FRANCE

At the outset, it would be well to discard Lines A' and B (see

Table 50), which are based on the clearly unrealistic assumptions

that French GERD will continue to grow at the high average rate of

15.6 percent a year that prevailed between 1963 and 1968, or that it

will continue to account for 1.9 percent of GNP, the share existing

in 1968. These estimates are belied by the sharp downturn in the

rate of growth in French GERD at the end of the decade and by frag-

mentary information on subsequent French expenditures (see below).

The figure projected in Line C' for 1975 is also likely to be too

high. 5 It is derived from an official French estimate that was

probably made in early 1971 and that assumed an average annual rate

of growth, in francs, of 8.5 percent. The level of expenditures

projected, 22.5 billion francs, may have been more in the nature of

a target than a realistic estimate. One year later the source for

Line D remarked that actual expenditures were likely to be much less:

Everything points to the inability of the sixth plan
to attain its objective so that expenditure by the
end of 1975 will be, at best, the minimum expected
(19,500 million francs).

The forecast made in Line D, $4.2 billion, will therefore be taken

as the maximum estimate for gross expenditures on R&D in 1975. As

for the maximum estimate for 1973, the figure derived from the B'

projection, that is, $3.9 billion, would appear reasonable, the

higher figures in Lines A' and B having been ruled out as clearly

unlikely.

The figures at the lower end of the range in 1973 and 1975 may be

estimated by taking a look at the remaining series. Line A" assumes

that GERD will continue to increase at the 1967-68 rate of 4.5 percent.

5. In this instance, the year 1975 will be dealt with before
1973 because additional data projecting GERD for that year are avail-
able. The 1973 projection will be obtained by working back from
these estimates.

6. Emphasis added. La Recherche, as quoted in Nature, May 26,
1972, p. 210.
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This estimate may be somewhat too conservative, at least in the light
of what is known of French plans. Line B' assumes that GERD will

account for a share of GNP that contracts by about .08 percentage

points a year from 1.9 percent in 1969 to 1.4 percent in 1975. Com-
bined with the GNP projections, this yields a level of expenditures

that jumps from $3.2 billion in 1972 to $3.9 billion in 1973 and then

remains relatively constant for the next two years. This series may

perhaps give too high a figure for 1973 but may be closer to the

truth for 1975. For 1973, therefore, the lower end of the range has

been arbitrarily estimated as the average of the figures given in

Lines A" and B', that is, $3.6 billion; for 1975, the figure given in

Series B' has been reduced by $100 million to $3.8 billion.

Thus, the best estimate for French GERD in 1973 would range

between $3.6 billion and $3.9 billion and for 1975 between $3.8 bil-

lion and $4.2 billion.

E. WEST GERMANY

With the Federal Republic of Germany, we come to a state for

which there is little factual information against which to check our

projections. What little there is--the NSF estimates for 1970 and

1971--would indicate that the figures generated according to the

standard methodology used in this chapter may be too low.

In Lines A' and A", it is assumed that GERD continues to grow at

rapid rates of between 12.7 and 13.1 percent per year (see Table 51).

The numbers yielded by these two growth rates have been averaged for
both 1973 and 1975 and the product used to supply the figure at the lower

end of the range for those years: $4.3 and $5.5 billion, respectively.

In Lines B and B', it is assumed that the ratio of GERD to GNP

remains constant at either the 1969 figure of 1.7 percent or the

1970-71 figure of 2.0 percent. The numbers yielded by these two per-

centages have also been averaged for both 1973 and 1975 and the pro-

duct used to supply the figure at the upper end of the range for those

years: $6.3 and $7.0 billion, respectively. Thus, the West German

GERD projected for 1973 would range between $4.3 billion and $6.3

billion and for 1975 between $5.5 and $7.0 billion.
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It will be noted that the estimates are both very high and very

vague for West Germany. Unfortunately, at this point there is no way

to determine whether the range should be adjusted to a lower set of

values or how the estimate could be made more precise. The most that

can be said is that the estimates do not appear unreasonable, since

everything we know about the growth rate of German R&D suggests that

it is high, and we are not yet aware of any turndown.

F. JAPAN

After the United States, Japan is the country with the longest

available time series of official government statistics on R&D expend-

itures. These statistics therefore provide an opportunity to check

the reliability of our projections (see Table 52). What is perhaps

most striking is that the Japanese statistical data for 1970 and 1971

and the projections through 1975 contain figures that are much higher

than those projected in Lines A' and A" on the basis of past OECD

data. This is a result not only of the assumed higher average annual

rate of growth in GERD (21.6 percent compared with about 16 percent),

but also of the radical shifts in exchange rates--shifts that are

reflected in Line C' but not in Lines A' and A". If we are inter-

ested in comparisons based on current p.-ices and prevailing exchange

rates, Line C' should be preferred over the other two.

As for the two series based on projections of gross national

product and the share of GERD in GNP, the one that assumes a constant

ratio of 1.5 percent (see Line B) seems unduly conservative, while

the one that assumes a share gradually rising from 1.7 percent in

1969 to 2.3 percent in 1975 (see Line B?) yields figures very close

to those derived from the Japanese data. Given the fact that GERD

has tended to account for a gradually expanding share of GNP, this

estimate cannot be dismissed as completely unrealistic.

Nevertheless, the figures for present and future Japanese GERD

that appear in Lines B' and C' are very high, so high that it seems

only prudent to question whether the ratio of GERD to GNP will con-

tinue to expand in the future as fast as it has in the past and
199
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whether GERD will continue to expand at the very rapid average rate
7

of almost 22 percent a year. The average of these two projections,

therefore, has been taken as the upper limit of the range for each

year. The lower limit has been set arbitrarily 15 percent lower.

The best estimates for Japanese GERD thereby generated are: for

1973, between $7.1 and $8.4 billion; for 1975, between $9.5 and $11.2

billion.

G. THE UNITED KINGDOM

As was the case for West Germany, factual data for the United

Kingdom was almost entirely lacking, and we were forced to rely on

the projections made in accordance with the standard methodology

(see Table 53).

Two of the projections can be discarded at the outset. There is

little likelihood that the -7.9 percent growth rate extrapolated for

GERD in Line A" from the short 1967-68 base period will prove to be

correct. At the other end of the spectrum, it also seems improbable

that the trend toward a declining ratio of GERD to GNP has stopped,

as is predicted in Line B.

As for the two remaining projections, Line A' is certainly more

plausible than Line A"; but in light of the NSF estimate for 1971,

showing expenditures of $2.9 billion compared with our projection of

$2.7 billion (see Line C), the 3.1 percent growth rate projected for

GERD may be somewhat too low. The figures for 1973 and 1975 have,

therefore, been increased slightly (but not enough to make up the

entire difference between the NSF estimate and our projection) to

provide the figures at the lower limits of the ranges for those

years: $3.0 and $3.2 billion.

7. The impact of the present energy crisis on the Japanese econ-
omy will almost certainly be severe. This factor has been taken into
consideration in the GNP projections, but at present there is no way
of knowing what rep2rcussion it will eventually have in the R&D area.
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Line BI assumes that the share of GNP devoted to GERD will con-
tinue to contract by about one-tenth of a percentage point a year,

as it did during the two years from 1969 to 1971. This seems perhaps

a little too conservative ard so the figures projected in this series

for 1973 and 1975 have been arbitrarily increased by $200 and $300

million, respectively, to provide the figures at the upper limits of

the ranges for those years: $4.0 and $4.1 billion.

The best estimates for the United Kingdom, therefore, range from

$3.0 billion to $4.0 billion for 1973, and from $3.2 billion to $4.1

billion for 1975.

H. SUMMARY COMPARISON

1. The Present Situation

As a consequence of differing rates of growth in GERD and drastic

shifts in exchange rates, there have probably taken place important

changes in the relative levels of support for R&D in the five Major

States since the last OECD survey was conducted in 1969. In that

year, the combined expenditures of the Big Four were less than 40

percent of those of the United States. As Table 54 shows, by the

present time their collective GERD may be between 60 and 75 percent

of that of the United States. Again, whereas in 1969 US expenditures

were ten times larger than those of the second-ranking state, at the

present time they may be only four times larger. Thus, although the

projections for the individual countries may well be, and indeed

probably are, incorrect in detail, one major conclusion cannot be

avoided: The formerly predominant US position in R&D expenditures,

compared with that of other major non-Communist industrialized states,

is steadily eroding.

The suddenness of the change in relative position is more appar-

ent than real. The dollar was overvalued at the time the OECD surveys

were taken and so the position of the United States was never in

reality as overwhelmingly dominant as the statistics indicated. The

revaluations and devaluations that have been carried out since 1969
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Table 54

PROJECTIONS OF PRESENT AND FUTURE GERD
IN FIVE SELECTED OECD MEMBER NATIONS
(in billions of current US dollars)

Actual Proj ec ted
Countrya 1969 1973 1975

UNITED STATES 26.6 30.1 32.7-34.1

JAPAN 2.6 7.1-8.4 9.5-11.2

WEST GERMANY 2.7 4.3-6.3 5.5-7.0

FRANCE 2.7 3.6-3.9 3.8-4.2

UNITED KINGDOM 2.4 3.0-4.0 3.2-4.1

a. Countries are ranked in the oider of the size of their
projected GERD in 1975.

Source: Table A-i and Sections C through G of Chapter VII.
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have resulted in figures that represent a much closer approximation

to the actual "balance of power" in research and development than was

available earlier.

There may also have occurred a change in the relative positions

of the Big Four. The year 1969 saw them clustered close together

with GERDs of between $2.4 and $2.7 billion. By the present time,

Japan has probably established a definitive lead over the other three.

Its expenditures of from $7.1 to $8.4 billion are probably twice as

large as those of either France or the United Kingdom (or larger than

their combined expenditures) and about one-quarter those of the United

States. West Germany probably occupies a position midway between

Japan and the other two states. It would appear, therefore, that

j while the distance between the United States and the Big Four is

narrowing, the spread among those states is increasing.

2. The Situation in 1975

The relative position among the Major States in 1975 is more dif-

ficult to estimate. In this instance, the projection for the United

States, like that for the other countries, is expressed in terms of

a range of values. The ranges of the others have expanded or con-

tracted from what they were in 1973.

Comparing the United States with the Big Four, we find that

Japanese GERD may have increased from about one-quarter to almost

one-third that of the United States and that the collective GERD of

the Big Four may amount to approximately 70 to 80 percent of US GERD,

depending on whether one compares the lower or higher ends of the

ranges of the respective states. This suggests that the trend dis-

cerned in the analysis of the present situation will continue. Between

1973 and 1975, the United States will probably lose more ground to

the Big Four.

As for the Big Four themselves, France and the United Kingdom

should stay close together at the bottom, West Germany should increase

the distance between them and itself, and Japan should pull still

further into the lead. Its GERD by 1975 may be two-and-one-half times

as large as the GERD of either France or the United Kingdom.
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ISSUES OF INTEREST FOR US POLICY

A. SIGNIFICANCE OF R&D INPUTS IN RELATION TO OUTPUTS

A major reason for the increasing international interest in
research and development has been the assumed causal connection between

R&D and economic growth. Thus the relative immensity of US invest-

ments in R&D and US economic preeminence since World War II were

clearly seen as closely if not directly related to each other when
the OECD began its R&D surveys in the 1960s as part of its overall

program of studies on technological innovation and economic growth.

Although there undoubtedly is a connection between a country's

ability to mount a substantial R&D effort and its ability to sustain

economic growth, the linkages are by no means obvious. It is only

necessary to note that, among the advanced states of the non-Communist

world, the United Kingdom for years allocated resources to R&D second

in magnitude only to those of the United States while maintaining a

very low rate of economic growth and that Japan, while enjoying the

world's highest rate of economic growth, channeled comparatively

small sums into R&D. Yet if the causal connection between research

and development and economic growth is obscure, and if much depends on

such factors as timing, the industrial structure, the human capabilities,

and the resource endowment of a particular country, or the pool of

readily assimilable knowledge available outside the country, it never-

thele!s remains true that economic growth is propelled by technological

change, which itself is made possible by the "outputs" of R&D activity.

Several of the "Issues of Interest for US Policy" referred to

later in this chapter bear on this general issue of presumed linkages

between strength in R&D, economic growth, and political-military power.

These presumptions, or hypotheses, relate basically to two "gaps,' one
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between the advanced countries of the OECD and the underdeveloped

nations of the so-called Third World, the other between the United

States and its four most powerful allies: the United Kingdom, France,

West Germany, and Japan. The data indicate the existence of an

enormous gap between the underdeveloped countries, which collectively

account for only an insignificant share of the research and develop-

ment carried out in the world, and a small number of advanced states,

which collectively all but monopolize R&D. The data also suggest that

the once enormous gap between the United States and its major allies

in the area of R&D is fast closing. These two changes raise trouble-

some questions for future US policy. It should be emphasized, how-

ever, that the present state of research into these policy questions

is such that both students and policymakers have only just begun to

close with them.

The first "Issue of Interest for US Policy," therefore, is the

necessity for securing a better grasp on the precise significance of

various levels of inputs--both by the United States and other nations--

to the R&D process, as they relate to outputs in terms of political,

economic, and military power.

B. TECHNOLOGY GAP BETWEEN RICH AND POOR NATIONS

Perhaps the most far-reaching and at the same time most elusive

issue of interest for US policy arising from the analysis in this

study lies in the fact that by far the greatest part of the world's

research and development is performed in a relatively few advancec

countries. A different but related aspect of this issue concerns the

fact that in the less advanced countries a considerably larger portion

of the national R&D effort is funded by the Government, and performed

in the Government and Higher Education sectors (as opposed to the

Business Enterprise, or Productive, sector), than is true for the

advanced countries. In other words, the less advanced countries

accomplish relatively little research and development, and a large

proportion of what they do perform tends to be in sectors of the

economy that are not oriented towards technological innovation and

commercial profit. 208
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In a sense, of course, the above differences between the R&D
efforts of the more advanced and less advanced countries stem pre-

cisely from the definitional distinction between the two sets of

countries. Extensive R&D expenditures by a nation require, at the

least, a fairly sophisticated science and technology base in personnel

and facilities, plus sufficient available capital for risk-taking

ventures--not to mention the intangible factor of the will to utilize

the two in combination. Since these attributes are exactly those of

the advanced countries, as opposed to the less developed countries,

what is new, one may ask, about this particular problem?

The problem does appear to have at least two new dimensions, how-

ever, one of which is substantive and the other more a matter of mind

and attitude. The substantive aspect concerns the future economic

development of the poor nations as compared with the rich. If there

is in truth significant correlation between financial inputs and

successful outputs in industrially financed R&D activity in the

advanced countries, as appears to be accepted by most students of the
1research process, and if it is proper to extend this relationship to

the less advanced countries, then it would appear likely that the

advanced countries may continue to develop technologically in a manner

and at a rate disproportionate to those of the LDCs. On the other

hand, the question might well be raised as to what extent the LDCs

need to perform R&D (in the Western sense) at all, if improved means

can be found to adapt the world's store of technology to their require-

ments. Of course, "adapt," as used here, cannot mean simply "transfer"

of Western technology.

The second, or attitudinal, aspect of the problem concerns the

political and economic reactions of the less developed nations if

1. See particularly, Keith Pavitt and Solomon Wald, The Condi-
tions for Success in Technological Innovation (Paris: OrganisatioH
tor Economic Co-operation and Development, 1971), Paragraph 93, and
Annex A, "National Performance in Technological Innovation in Ten
Countries: Its Relationship to Other National Characteristics Often
Advanced as Being Important in the Innovation Process," pp. 143-48.
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they become increasingly convinced that there is no reliable expecta-

tion of closing the gap with the advanced countries under present

circumstances. 2 Individuals in some of these countries maintain that

they can only reverse current trends by rejecting Western technological

tutelage completely and re-doing all necessary R&D on their own.

Leaders in other LDCs are energetically searching for new formulas

for cooperation with the advanced nations, with the objective of ensur-

ing that such cooperation stimulates genuine technological creativity

in the less advanced partner. Among still others in the less advanced

countries there appears to be an incipient reaction that they must

make the advanced countries pay by whatever means are at hand (for

example, by harassing the multi-national corporations or by withhold-

ing scarce natural resources) for their scientific and technological

dominance.

The implications of the above state of affairs are so broad--

extending through the entire spectrum of international relations from

2. See, for example, the following three articles in the March/
April, 1973, issue of Ceres, a journal published by the United Nations
Food and Agriculture Organization:

Surendra J. PateL, "The Cost of Technological Dependence," pp. 16-
19. "The economic power and the technical competence of the multi-
national corporations, which own most of modern technology, are matched
against the weakness and ignorance of the small enterprises of poor
countries. The latter do not have even the basic information needed
for looking for a new production technology and the details of its
operation.... " (pp. 16-17)

Mohamed Lahbabi, "The User's Viewpoint," pp. 46-49. "The under-
developed countries which, by definition, are trailing far behind the
industrialized countries, are caught today in a situation where the
rhythm of technological development is accelerating, propelling the
most advanced countries even farther ahead. The result is that the
less developed face the risk--at least for some time--of being
increasingly outdistanced, not only materially in production and con-
sumption but especially in the creation and assimilation of ideas and
technologies." (p. 46)

Miguel S. Wionczek, "Mexico: Where Patents go Through Customs,"
pp. 22-26. "There is a definite connexion between the falling off
and decline--in relative terms, at least--of local invention and
innovation and the growing concentration of research and development
in the hands of multi-national corporations with their headquarters
outside the region." (p. 23)
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strategic through political and economic to social and cultural

factors--that no attempt will be made here to trace them. Indeed,

the problem constitutes a complete study in itself, and an increasing

number of scholars and organizations are giving urgent consideration

to various of its aspects. Thus, the principles and processes for

the "transfer of technology" between advanced.and less advanced

countries have been the subject of major international conferences

and reports. 3 The multi-national corporation is coming in for greatly

increased attention, both as an alleged instrument of technological
and economic exploitation and as a potential means for bridging the

gap between the advanced and less advanced countries. Major US com-

panies (e.g., in the aircraft industry) are increasingly moving toward

commercial arrangements with other countries, including the LDCs, that

provide for cooperative performance of both R&D and production in ex-
change for end-product sales to the foreign partner. Meanwhile, it

would appear that a major concern of US policy for many years must be

the devising of new means of scientific and technological cooperation,

on a basis of mutual benefit and mutual contribution, between this

nation and the less developed portions of the world.

C. CHANGING RELATIVE POSITION OF THE UNITED STATES IN WORLD R&D

As the decade of the 1970s progresses, the United States appears

to be moving into an international scientific and technological en-

vironment that differs radically from that of the past. Prior to the

1960s, only the United States and to a much lesser extent the United

Kingdom, among the technologically advanced nations, had carried on

large research and development programs. (We shall leave aside the

3. See, for example, Edward P. Hawthorne, The Transfer of Tech-
noloq (Paris: Organisation for Economic Co-operation and Development,
1971) This book was based on a seminar in Istanbul, October 5-9,
1970, which was a part of the OECD's program of technical assistance
to its developing member and associate countries (Greece, Portugal,
Spain, Turkey, and YugQslavia). The United Nations is also deeply
involved in the study of this problem.
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Soviet Union, for the moment.) During the 1960s, however, and

especially in the first half of the decade, all the advanced nations

of the OECD increased substantially their expenditures for R&D. By

the end of the decade, US expenditures for R&D were still approximately

ten times those of the next highest OECD nation, but the US portion

of the total R&D expenditures by OECD members had dropped consider-

ably--from 75 percent in 1961 to 65 percent in 1969. Moreover, the

trend in US R&D expenditures clearly showed a leveling off tendency

that had begun well back in the 1960s, whereas the expenditures of

several other major OECD nations (notably Germany and Japan) continued

to grow vigorously throughout the decade. (The United Kingdom's R&D

effort, meanwhile, leveled off even before that of the United States

and by the end of the decade was steadily falling behind that of the

other leading OECD nations.)

While we have no firm post-1969 data for any country other than

the United States, tentative extrapolations from the 1969 data suggest

that whereas US gross expenditures on research and development (GERD)

in 1969 was more than two-and-one-half times that of Japan, West

Germany, France, and the United Kingdom combined, by 1975 the collective --

GERD of the Big Four is likely to amount to approximately 70 to 80

percent of US R&D expenditures. Moreover, if in truth R&D performed

in the United States costs appreciably more than equivalent R&D

performed in Western Europe and Japan, as maintained by some analysts,

and if this differential persists through 1975 to the continued dis-

advantage of the United States, then the collective GERD of the Big

Four in 1975 might even be approximately equal to that of the United

States in real terms.

All of this is not quite as sudden as it might seem, since the

previous over-valuation of the US dollar tended to exaggerate US

dominance in R&D expenditures during the 1960s. On the other hand,

the extent of the change within approximately one decade is rather

drastic. At the least it would appear to suggest that US technology

in the future may face increasing competition from Western Europe and

Japan.
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It must be remembered, of course, that we have been speaking here

only of GERD--gross national expenditures on all kinds of research and

development--and that we are not addressing the question of what

varicus nations may be getting in return for their R&D money and

effort. Even less are we suggesting that in some absolute sense the

more money spent for R&D the better, or that every bit of research

and development undertaken somehow adds to a nation's greatness. To

the extent, however, that there is a correlation between total national

expenditures on research and development and international economic

competitiveness, it would appear that the period when the United States

"bestrode the world like a Colossus" may be steadily drawing to a

close, technologically speaking. As noted earlier, many US-controlled

corporations appear to have already recognized the growing importance

of international cooperation and interdependence. US national poli-

cies--political and military as well as scientific and technological--

may also need to accommodate increasingly to the trend.

D. PROPORTION OF NATIONAL R&D EXPENDITURES FUNDED BY THE US GOVERNMENT

Most governments, when they have become convinced of the necessity

for increasing national R&D expenditures, for whatever purpose, have

tended as a first move to increase the proportion of GERD funded by

the Government sector. The basic reason is simple: the response is

immediate and predictable, compared with an attempt to increase

Business Enterprise R&D expenditures, and the objectives of the R&D

can be made to conform to government policy. There are also secondary

benefits, in that Government funding of R&D may encourage quicker

diffusion of the results as compared with Business Enterprise's pro-

prietary approach, and the Government-funded R&D effort is usually

better insulated from the economy's cyclical behavior. On the other

hand, there are potential difficulties involved in a top-heavy funding

of R&D by the Government. These may range from an onerous taxation

burden with no imminent payoff, to the eventual disadvantages in

either performing unduly large proportions of national R&D in govern-

ment laboratories or in having large segments of the private
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enterprise sector dependent on the government instead of a competitive

market for their risk-taking R&D funds. As a result, even though

various of the OECD major nations in the past have for one reason or

another funded large portions of the national R&D total through the

Government sector, they have usually attempted after a time to reduce

this proportion and have made strong efforts to stimulate the R&D

initiatives of the Business Enterprise sector.

In the United States, as compared with most other advanced OECD

countries, the proportion of total national R&D funding supplied by

the Government has been unusually high for the past two decades, due

to heavy US government support of Defense, Civil Nuclear, and Civil

Space R&D programs. Thus, as late as 1969, 58 percent of US GERD was

funded by the Government sector, compared with 51 percent in the

United Kingdom, 40 percent in Sweden, 39 percent in Germany, 38 per-

cent in the Netherlands, and 27 percent in Japan. (Only France, with

63 percent of GERD funded by the government, and Canada, with 62 per-

cent, exceeded the US percentage--for reasons similar to those of the

United States in the former case, and because of weaknesses in the

Business Enterprise sector in the latter case.) Conversely, the per-

centage of total national R&D funding supplied by Business Enterprise

in the United States was below that in most other industrially ad-

vanced OECD countries--in 1969, 38 percent in the United States

compared with 6a percent in Japan, 60 percent in Germany, 59 percent

in the Netherlands, 57 percent in Sweden, and 44 percent in the United

Kingdom. As would be expected, France and Canada with 33 and 30 per-

cent, respectively, of GERD funded by Business Enterprise, haJ lower

percentages than the United States.

It must be remembered, of cour,,e, that in absolute dollar amounts

US Business funding of R&D in 196i was approximately six times that

of either the German or Japanese Business Enterprise sector. Also,

the trend in the United States (as in the other major OFCD countries)

has been for a gradual increase in Business Enterprise e>penditures

as a percentage of GERE and a concomitant reduction in the percentage

supplied by Government funding. 'n the cther hand, the relatively
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* high percentage of US GERD supplied by Government funding, compared

with other major OECD nations (especially Germany and Japan), could be

an occasion for concern by US policymakers in view of the increasingly

competitive economic environment likely to be faced by US technology

in future years.

E. DECLINE IN US AND ALLIED DEFENSE R&D

Since the mid-1960s there has been'a gradual decline in the

priority accorded Defense R&D expenditures by the governments of the

United States and most of its major allies. While US Defense R&D

expenditures measured in current dollars have remained relatively con-

j stant since 1966 (in the neighborhood of $8.5 billion), the trend is

steadily downward when the effects of inflation are removed--declining

from a peak of $7.9 billion (in 1961 dollars) in 1963 to $6.2 billion

in 1971.4 The declining priority of US Defense R&D is even more

apparent when it is compared over time with total government expendi-

tures for R&D: in 1961, US Defense R&D expenditures abscrbed 71 per-

cent of US government-funded R&D; by 1965 Defense R&D had dropped to

46 percent of the total. From this low point Defense R&D gradually

recovered to approximately 53 percent in 1968, near which it has

generally remained ever since--though with a very slight further

declining trend.

Similarly for the major US allies, Defense R&D during the 1960s

absorbed a declining percentage of total government R&D funding: for

the United Kingdom, from 65 percent in 1961 to 44 percent in 1972;

for France, from 44 percent in 1961 to 28 percent in 1971; for Germany,

from 23 percent in 1961 to 15 percent in 1970; and for Canada, from

22 percent in 1961 to 11 percent in 1970. The absolute level of

Defense R&D expenditures for these countries, even when measured in

constant US dollars, actually remained fairly constant, or in the

4. See Figure 26, p. 119. The current dollar figures are not
treated in the referenced section, but are matters of general know-
ledge.
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case of Germany (and also Italy, the Netherlands, and Japan) even

rose during the decade. But in terms of relative priority in total

government R&D funding, Defense has steadily lost ground to other

groups of objectives--and not to Big Science (Civil Nuclear and Civil

Space), but to socially and economically oriented objectives such as

Advancement of Science (i.e., government support of research in uni-

versities), Economic Development (especially Mining and Manufacturing),

and Community Services (especially Health). Moreover, current trends

suggest that these shifts in governmental priorities will become even

more pronounced in the future.

To a large extent, the above situation reflects the decline in

the cold war. It also represents, however, domestic demands in vir-

tually all Western countries for changes in that intangible factor

called "quality of life." These demands will not easily be stilled--

or satisfied. The extent to which comparable demands are being made

in the Soviet Union is not clear; or more precisely, it is not clear

to what extent such demands are reflected in Soviet R&D priorities.

In any event, the United States' major allies (and to a somewhat

lesser extent, the United States itself) appear to be steadily shift-

ing their priorities, as these are reflected in their R&D expenditure

objectives, away from the area of national defense and toward the

solution of domestic economic and social problems.

F. FOREIGN CIVIL NUCLEAR AND SPACE PROGRAMS

Big Science (Civil Nuclear and Civil Space) shared with Defense,

during the 1960s, the status of a major R&D objective of the govern-

ments of leading OECD nations. The experience of different countries

varied widely, however, between the two objectives, with the major

distinction being that Civil Nuclear programs absorbed proportionally

a much larger share of other OECD nations' R&D funds, in comparison

with the United States, than did Civil Spare.

For the United States, Civil Nuclear has been a relatively stable

but gradually declining objective, both in constant dollar expenditures
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and as a percentage of total government R&D expenditures. 5 Spending

on this objective has similarly declined steadily in the two other

OECD nations that previously maintained the largest Civil Nuclear

programs--France and the United Kingdom. The Swedish Civil Nuclear

program also shows a rather sharp decline since about 1964, as

measured both in constant US dollars and as a percentage of total

government R&D expenditures. In Canada and Italy, Civil Nuclear

expenditures have been relatively stable, though representing a declin-

ing percentage of total government R&D expenditures. Only in Germany

and Japan does Civil Nuclear R&D constitute an objective of steady

growth. In fact, German R&D expenditures on this objective surpassed

those of Prance in 1970. Japanese Civil Nuclear expenditures, while

still somewhat below those of Canada and Italy in 1969, were neverthe-

less growing rapidly. (If the upward trend in the Japanese program

has continued, it could well have passed both these latter countries

by the present time.)

In Civil Space, the United States has from the beginning been in

a class by itself, among OECD nations. 6 Thus, US Civil Space R&D

expenditures peaked at nearly $6 billion in 1965, and though they have

been steadily declining ever since were still over $2 billion in

1971--more than twenty-two times larger than those of the next highest

spender, West Germany. Meanwhile, the French Civil Space R&D program

appears to have leveled off at about $90 million per year, and that

of Great Britain (which consisted chiefly of efforts to secure a civil

return from former military programs) has been declining sharply for

the past several years, reaching a level of some $20 million in 1972.

Japanese Civil Space R&D expenditures, while still quite low in 1969

(below those of Belgium and the Netherlands), were tending sharply

upwards.

In sum, the United States still appears to dominate Civil Nuclear

and Civil Space R&D in the non-Communist world. While this is

5. See Figure 27, p. 131.

6. See Figure 28, p. 133.
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completely so in the Civil Space field, it is much less so for Civil

Nuclear R&D (to which the West European countries have made a major

commitment of resources). Even in the latter, however, the US expendi-

tures of $600 million in 1971 were larger than the combined alloca-

tions of France, the United Kingdom, West Germany, and Japan. When

this absolute US predominance for the past decade or more is perceived

in the light of the discouraging experience of the West Europeans in

both their national and (especially) their international cooperative

nuclear programs, the US lead in the Civil Nuclear field would not

appear seriously in danger--at least to the extent that R&D expendi-

tures are a criterion. It should be noted, however, that Gprman and

Japanese R&D expenditures for both Civil Space and Civil Nuclear

objectives have maintained a steady growth rate for several years,

while those of all the other major OECD countries have been either

stable or declining.
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NOTES TO READER:

The following symbols are used throughout the

tables:

Data not available ...

Magnitude nil or negligible

Not available but included
in other line or total

The exchange rates used in preparing the data
for this study are discussed in the Series j
appendix, which begins on page 317.
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Table A-I

GROSS EXPENDITURES ON RESEARCH AND DEVELOPMENT DURING THE 1960s:
NATIONAL AND REGIONAL TOTALS

(in millions of current US dollars)

Countrya 1961 1963 1967 1969

EEC Members of OECD:
FRANCE d'  915.1 1,299.8 2,562.3 2,678.2
WEST GERMANY 3 788.6 1$436.3 2,084.3 2,652.0UNITED KINGDOMc '~ 78. ,3-

1,841.6f 2,159.9 2,648.7 2,439.8
Italy 213.7e 293.1 447.0 694.3Netherlands 164.1e 330.4 513.8 585.5

Belgium 100.0 136.8 176.0 261.1
Denmark. 145.3
Ireland 7.9f  10.4 17.1 22.4

Sub-totalh 4,031.0 5,666.7 8,449.2 9,478.6

Other OECD: i
UNITED STATES 15,655.0 19,?15.0 32, V43. 26,595.0
JAPAN] 765.7 1,022.8 1,91.4 2,592.3Canada 363.3 429.6 828.3 979.2

Switzerland e 391.4
Swedendk 208.2 243.8 Z''1 368.1
Norway 35.6f 42.4 8n.7 97.0
Austria 17.0 23.2 62.2 84.6
Spaind 17.7 28.0 7._ 64.8
Finland ...... ... 63.3
Turkey ..... 49.3
Greecee,k 5.9f "7.9 15.1
Portugald 6.8 9. ? ±i.1 ...

TOTAL OECD 21,102.8 26,688.6 37,117.8 4.9,777.7

Total "Big Four",m 4,310.6 5,1)18.8 9,216.7 10,362.3

Warsaw Pact States:
USSR n 'O  . . is19,548.0 p  23,846.8

Czechoslovakia ... I 533.5 991.2 1,368.8
Polandn  ... 682.0 1,001.7
East Germany ... i ' 438.0 775.0

Hungaryn .134.8 286.5 359.c
Rumanian ... 176.6 ..5
Bulga ria° q ...... 91.7 i "'"

TOUAL WARSAW PACTr ... ... 22,214.0 I 27,-67.,-.
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Notes for Table A-i: 4
a. Countries are ranked within categories according to the size of

their GERD in 1969.
b. GERD, including the social sciences and humanities.
c. For 1969, read 1968.
d. For 1963, read 1964.
e. OECD estimate based on budget data and 1963 ISY (International

Statistical Year) survey.
f. Gross OECD estimate based on percentage of GNP.
g. For 1969, read 1970.
h. This sub-total represents the sum of the national GERDs of the

preceding eight countries which, together with Luxembourg,
constitute the expanded EEC created in January 1973. It
reflects, therefore, the sums committed to R&D by the incipient
nine-nation EEC, not the six-nation EEC which existed at the
time the OECD surveys were made.

i. "National R&D Spending," including spending on social science
R&D. 1963 is National Science Foundation (NSF) 1964; 1967 is
NSF 1968.

j. Including the social sciences and humanities.
k. For 1967, read 1966 or 1966/67.
1. OECD member nations not included are Australia, Iceland,

Luxembourg (also a member of the EEC), and the two associate i
members, Yugoslavia and New Zealand.

m. The "Big Four" (France, Germany, United Kingdom, and Japan) are the
four OECD member nations who ranked just below after the United States
in terms of the financial support given to research and development.

n. Also including data for law, humanities, education, and art.
o. "Expenditure on science," from the national budget and other

sources.
p. Does not include GERD for Byelorussia.
q. Also including data for humanities.
r. This total represents the sum of the national GERDs of the

preceding seven countries, which constitute the membership of
the Warsaw Pact.

Source: OECD data: For 1961, 1963, and 1967, OECD, R&D Trends and
Objectives, Table i, p. 31. For 1969, OECD, Survey of R&D
in 1969, Vol. 5, Table 1, p. 27.

Warsaw Pact data: For East Germany, in national
currency for 1967 and 1969, Statistisches Jahrbuch der
Deutschen Demokratischen Republik [Statistical handbook of
the GDRI(Berlin, 1970), p. 325. It is unclear whether the
sums given in the handbook refer only to total outlays in
the state budget or to total outlays from all sources. For
Bulgaria, in national currency for 1967, UNESCO, National
Science Policies in Europe, p. 48. For all other Warsaw
Pact states, in national currencies for 1967 and 1969,
UNESCO, Statistical Yearbook, 1971, pp. 644-46, and 1969,
pp. 489-90. For exchange rates, The Institute for
Strategic Studies, The Military Balance (London), 1967-1968,
pp. 2-4 (for 1967) and 1969-197U, pp. 5, 12-14 (foTr196 In
the case of the USSR, the 1969 exchange rate was used for 1967.
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Table A-2
GROSS EXPENDITURES ON RESEARH AND DEVELOPMENT DURING THE 1960s:

NATIONAL AND REGIONAL TOTALS
(in millions of 1961 US dollars)

Countrya 1961 1963 1967 1969

EEC Members of OECD:

WEST GERMANY 788.6 1,299.9 1,742., 2,121.6
FRANCE 915.1 1,169.8 2,047.3 1,920.5
UNITED KINGDOM 1,841.6 1,980.6 2,153.4 1,907.9
Italy 213.7 255.0 331.3 491:7
Netherlands 164.1 282.2 377.1 385.8
Belgium 100.0 131.4 142.4 198.7
Denmark ... ... 90.5
Ireland 7.9 9.7 1 . 14.9

Sub-totalb 4,031.0 5,128.6 6,811.3 7,131.4

Other OECD:

UNITED STATES 15,651.0 18,427.2 21,631.8 ::1,674.9
JAPAN 765.3 941.0 1,600.h 1,832.8
Canada 363.3 415.8 s9)

9 . 3 764.R
Swit7erlan A ... ... 77.0
Sweden 208.2 219.0 2(.9.i 167.2
Norway 3'5.6 40.2 6t .- 7[,.1
Austria 17.0 21.7 4.3 71.

Finlan!
Spain 17.7 .?2.9
Threece .9 7... 12.-
Portugal 6.8 8.9

7C-AI, OECI: 21,101-.8 26,232.7 31,089. 52,184.0

Total "i i Four" 4,310.6 5,391.3 4 1 7,7f2.6

Note: Fixe) 1961 prices were derived from tho tigures for -,ERJ in -urrent prices
used in Table A-1. These were converted into fixed 19t1 prices according
to the following procedure.

Th OECD, in R6D Trends and Objectives, Appendix, pF. 414-1., provides
leIlators for the years 1961 through 1969 or 1970 based on ',NF at market
prices for both (a) financial years based on calendar years md (b) the
financial years used in each country. The former have heen used to
7enerate data on the ten countries for which the CECD supplies leflators,
that is, Belgium, Canada, France, West Germany, Japan, the Netherlands,
Norway, Sweden, the United Kingdom, and the United States. In most cases,
these figures are identical to those presented in OEC7, RE.D Trends and
Cbjectives, Table 1, p. 31, for 1963 and 1967. This source does, however,
ippear to contain some errors. The fijures for West Germany (1963 and
1967), the United Kingdom (1967), the Netherlands, Sweden, and Norway
(19635 and 1967) seem to be incorrect. It should be noted that
care must be used in applying the OECD deflators to Table A-1.

As the notes to that table explain, the OECD figures on GERD at current
prices do not always reflect expenditures for the years indicated on the
table proper.

For all countries other than the ten for which the OECD supplied deflators,
the figures on Table A-1 were converted to fixed 1961 prices by using the
price indices which appear in United Nations, Yearbook of National Accounts
Statistics, 1970, Vol. I and 1972, Vols. I and II, in the first table o each
country under the heading "Corr-elative Price Index Numbers." In most cases,
since the base chosen was some year other than 1961, it was necessary to
recompute the index. The 1970 Yearbook contains figures for 1961 as well as
1963, 1967, and 1969. The values Tor tie latter year should be checked
against the more recent, adjusted figures which appear in the 1971 Yearbook.

a. Countries are ranked within categories according to the size of their GERD in 1969.
OECD member nations not included are Australia, Ireland, Turkey, Luxembourg (also
a member of the EEC), and the two associate members, Yugoslavia and New Zealand.

b. Total of "incipient EEC." See Table A-l, note h.

Source: Data derived from Table A-1.
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Table A-3

NATIONAL GERD AS A PERCENTAGE OF REGIONAL
GERD DURING THE 1960s

Country 1961 1963 1967 1969

EEC Members of OECD:

FRANCE 4.36 4.86 6.90 6.57
WEST GERMANY 3.7c 5.37 I .62 6.50
UNITED KINGDOM 8.77 8.08 7.14 5.98
Italy 1.02 1.10 1.20 1.70
Netherlands 0.78 i1.24 1. 38 1.44
Belgium 0.48 0.51 0.47 0.64
Denmark ......-- 0.36
Ireland 0.04 0.04 0.0% 0.0%

Sub-total 19.19 21.19 7:.76 23.24

Cther OECD:

:INITED STATES 74.23 71.86 68.'4 65.22
JAPAN ).64 3 .83 ,. 6 6.36
Canada i.73 1.61 2- 2.40
Sw-itzerla nd, 0.9)L
Sweden 0.99 0.91 0.91 0.90
Noroay 0.17 0.16 0.2"2 0.2z
Austria 0.08 0.09 0.17 0.,l
Spain 0.08 0.10 0.11 0.16
Finlan ... ... 0.16
Turkey 0.1273reece -] 30 3 0.4

Portugal 0.03 0.03 0.0:  ..

TOAL -E52D 100.0 100.0 100.0 100.0

.co~l "Biq Four" %0.5 22.14 .1 .41

Vi-r~awv Pac':

P 45. . . 88.00
Vechclovakin .. ;. a. 9

Poland ... 07
,t- ermany 1.97 81

ung i ry 1.29 1 0 -"

Fu- nia . 0.79 0.78

V:AI, /,F-< PAT .. 100.0 100.0
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Table A-4

GERD AS A PERCENTAGE OF GNP AT MARKET PRICES

Country 1961 1963 1967 1969

Major OECD Members:b

UNITED STATEScIdIe 2.75 2.99 2.87 2.8
UNITED KINGDOMc , g 2.27 2.15 2.24 2.4
FRANCE 1.38 1.56 2.21 1.9
WEST GERMANYh ... 1.38 1.72 1.7
JAPAN ... 1.50 1.64 1.5

b
Other OECD:

Netherlandsh ... 1.92 2.24 2.1
Switzerland ... ... 2.1
Canadah ... 1.07 1.44 1.4
Sweden ... 1.31 1.39 1.3
Belgium ... 0.98 0.90 1.1
Norway i ... 0.74 0.96 1.0
Denmark 0.9
Italy ... 6:9 6:;4 0.8
Austria ... 0.29 0.58 0.7
Finland . ... 0.7
Ireland ... 0.45 6.55 0.6
Turke x ... ... 0.4
Spain hj... 0.15 0.21 0.2
Greece ... 0.15 0.17 0.2
Portugal 0.27 0.24

Warsaw Pact States:k

USSR ...... 5.46 5.12
(3.8)

Czechoslovakia ... ... 3.89 4.84
(4.1)

Hungary ... ... 2.37 2.67
(2.6)

Poland ... ... 2.01 2.47
(1.8) (2.3)

East Germany ...... 1.54 2.42
Rumania ... ... 1.04 1.08
Bulgaria ... ... 1.22

(1.4)
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Notes for Table A-4:

a. Countries are ranked within categories according to the size of
the share of their GNP accounted for by their GERD in 1969.

b. For details related to the definition of GERD in OECD member
nations, see notes to Table A-1.

c. For 1961, read 1961/62.
d. For 1963, read 1963/64.
e. For 1967, read 1967/68.
f. For 1963, read 1964/65.
g. For 1969, read 1968.
h. For 1963, read 1964.
i. For 1969, read 1970.
j. For 1967, read 1966.
k. For an explanation of the figures in parentheses, see the

note on sources.

Source: OECD: OECD, R&D Trends and Objectives, Appendix, Table 6,
p. 9 (for 1961-67); and OECD, Survey of R&D in 1969, Vol. 5,
Table T, p. 27 (for 1969). Note tbat in another OECD source--
R&D Trends and Objectives, Table 2, p. 32--different figures
are given in the case of some countries for the ratio of
GERD to GNP.

Warsaw Pact: Data on GERD derived from Table A-1. Data
on GNP obtained from International Institute for Strategic
Studies, The Military Balance (London), 1968-1969, pp. 2-4
(for 1967) and 197U-1971, pp. 6, 14-17 (To 1969]. For an
explanation of the procedure used in calculating the Soviet
GNP, see pp. 10-11 of the latter source. GNP for the East
European countries and the USSR have been estimated in
terms of Western purchasing power equivalents. (See below
for further information.)

With the Statistical Yearbooks for 1970 and 1971, UNESCO
has begun to supply data on GERD as a percent of GNP or, in
the case of the Soviet Union and the East European countries,
as a percent of net material product (NMP). These figures
appear in parentheses in the Warsaw Pact category for the
countries and years for which they are available. On the
assumption that UNESCO has derived its figures from data on
GERD and GNP expressed in national currencies, these ratios
may well represent a more accurate reflection of reality
than ratios derived from a comparison of figures on GERD and
GNP expressed in US dollars. The latter, of course, suffer
from all of the problems associated with converting
Communist currencies into US currency.
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Table B-i

GROSS EXPENDITURES ON R&D BY SOURCES OF FUNDS

11N THE 1960s: PERCENTAGE DISTRIBUTION

Bus iress Hg Pri v..t
i:r. ry 'e oeret Enrer~rise Education No-pfr fi Abroad

2. 4) 3 3

--c 6 : ' : 0.5 4.1

:NTE cTAES 1 !4......

c1 '76e 37 3 4 e,?s J.

i .

'.1 .0.00.1

-. 7 (,17

7F4. 2.

7( .7)
".7

14 : 7.. ...

.1 -4' .7 104.

1) 7 18.1 7.9

I( 11)

-0 .
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Notes for Table B-1:

a. Countries are ranked within categories according to the size of
their government's share of GERD in 1969. OECD member nations
not included are Turkey, Australia, Icpland, Luxembourg, and the
two associate members, Yugoslavia and .ew Zealand.

b. Figures within parentheses represent the sum of expenditures by
the three funding sources subsumed under the "Other" category.

c. Total intramural expenditure.
d. Figures have been adjusted to reflect the OECD estimates which

appear in Survey of R&D in 1969, Vol. 5, Table 1.1, note (d).
Some idea of the extent of the changes that this entailed may
be obtained by comparing the figures in this table with those
provided in the original OECD table. These appear below:

Category
Country Government lHigher Education

FRANCE 49.8 12.8
JAPAN 13.7 18.0
Canada 53.9 13.0
Ireland 49.8 E.7
Spain 49.1 1.8
Italy 41.0 7.3

For a more extensive discussion of this problem, see Table D-4*,
note c.

e. Current expenditure.

f. Current expenditure plus depreciation.
g. Including the social sciences.
h. Not Private Non-profit sector but funds from "other national

sources."
i. Including funds devoted to R&D in the social sciences and

humanities in the Business Enterprise sector.
j. National authorities assumed that certain small institutes for

which sources of funds data were not available were financed
entirely via funds from government.

k. Including national estimate amounting to some 20 percent of the
total.

1. Including funds from "other enterprises."
M. Government data have been adjusted.

Source: For 1963 and l937: OECD, R&D Trends and Objectives,
Table 3, p. 7. For 1969: OECD, Survey of R&D in 1969,
Vol. 5, Table 1.1(B), p. 28. Additional data on the
" overnment sector were drawn from the following publications:
for Denmark (1967), Finland (1967), Austria (1969), and
Switzerland (1)67), OECD, Survey of R&D in 1969, Vol. 2,
shart on p. 16; for Canada (1965), France (1961 and 1965),
Italy (1965), and] the United States (1961 and 1965): OECD,
R&D Trends and Objectives, Appendix, Table 7, p. 10.
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Table B-2

GROSS EXPENDITURES ON R&D BY SOURCES Or FUNDS

IN THE 1960s: ABSOLUTE AMOUNTS
(in millions of current US dollars)
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Table B-4

GERD AS A PERCENTAGE OF GNP BY SOURCES OF FUNDS IN THE 1960s
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Table C-I

GROSS EXPENDITURES ON R&D BY SECTORS OF PERFORMANCE:
PERCENTAGE DISTRIBUTION

I CAT EGO yR _ _

Business Higher Private
Country Year Enterprise Government ; Education Non-profit

I M ajor OECD Members:

!INITED STATES 1964 70.3 14.8 11 .6 3.1

1968 69.5
c  

13.8 d 13.1 i- 3.6 d1969 69.5 14.1i 12.7
d '  

3.7

WEST GERMANY 1964 66.0 3.4 19.6 11.0
1967 68.1 5.1 16.3 1041969 48. 47 i 59.7

JAPAN 1963 56.3 11.0 23.1 3.6
1967 54.0 10.

3
f 

3
2.7f 3.1

1969 67.3 12.1 19.0" 1"
UNITED KINGDOM 1964 65.3 24.9 7.3 2.5

1967 64.9 24.8 7.8 2.5
1968 64.7 24.5 8.3 2 .5g

1963 48.9 35.9 14.7 0.5
1967 53.1 31. 14.1 1.0
1969 . 9.2 14.2 1.0

I Ot } l,e r O'ECD :

Switzerland 1969) 84.7 4.2 11.0..

we:en 1964 69.2 16.1 14.3 0.4
1966 69.9 14.2 1.5 0.4
1969 66.0 14.8 19.1 0.1

J:etherlands 1964 -. 5 2.8 20. 21.1
1967 58.1 2.7 .17.7
1969 62.1 11.4 17.9 8.7

Austria 1963 60.3 9.5 26.0 1.0
1967 63.4 9.0 27.5 0.
1969 60.0 ... ... ...

ielgium 1963 6 J.0 9.8 19. 9 .3
1967 66.8 10.1 2.8 1.3
1969 56.4 10.0 32.5 0.5

taly 1963 2.2 63.5 14.4
1967 60.6 28.2f 11.2 f
1969 34.7 2

5
.1- 

2
0.i1 •.

1969 36.6 24.1 28.9

NO rad 1963 51.7 21.0 4.9 2.3
1967 50.0 16.1 32,8 1.1
1969 48.2 20.0 312 0.5

r enir.a rk 1970 47.0 2S.8 22 .3 4.9

Spain 1964 25.2 68.1 9.4 0.
1967 44.6 d  528f 27 .3
1969 41.4 5.3 3.4 2.

Canada 1963 39.7 40.4 19 ,9 --
1967 37.7 3.6f 26 7f 7S1969 36.6 34.5- 28.9-

Ireland 1963 29.1 56.7 10.6 3.61967 35.4 4b.9f 14.6 1.1
1969 36 5 47.7 - 14 9 

f  
0.9

,.reece 1964 .74. 9.4 0.9
196 3.544.4 20.7 1. 3

1969 1 26.5 5.1542.1

, Prugl1964 22.1 66. 3 6.3 5.3

1967 16.1 69.4 1 7.4 7.1
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NrTE: The data for this table were obtained from OECD, R&D Trends and Objectives,
Table 5, p. 35. It soon became evident that the sum ot the shares of the
four sectors of performance did not always equal national GERD. A check
of the statistics revealed the following errors: The sum of the sectoral
shares for West Germany in 1967 w, 90 percent; for Japan in 1963, 93 percent;
for mne Netherlands in 1963, 104 percent; for Norway in 1963, 99.4 percent;
an,! for Spain in 1963, 110 percent.

A survey of other sources of information indicated that the following
changes should be made: For West Germany in 1967, the share of the Business
Enterprise sector should be 68.1 instead of 58.2 percent (see OECD, R&D
Trends and Objectives, Appendix, Table 8, p. 11); for Japan in 1963,-T'e share
ot the Higher Education sector should be 29.1 instead of 22.1 percent (see
Office of the Prime Minister, Bureau of Statistics, Report on the Survey of
Research and Development in Japan [Tokyo, 19671, Summary Table 1, pp. 36-57);
tor the Netherlands in 1963, t-share of thne Business Enterprise sector should
be 55.5 instead of 59.5 percent (see OECD, R&D Trends and Objectives, Appendix,
Table 8, p. 11); for Norway in 1963, the share ot the Business Enterprise
sector should be 51.7 instead of 51.2 percent (ibid); and for Spain in 1963,
the share of the Higher Education sector should be 6.4 instead of 16.4 percent
(see CECD, The Overall Level and Structure of R&D Efforts in OECD Member
Countries, Vol. 1, Table I, p. 57).

a. Countries are ranked within categories according to the amount of R&D
performed in the Business Enterprise sector in 1969. OECD member nations
not represented include Turkey, Australia, Iceland, and Luxembourg and the
two 3ssociate members, Yugoslavia and New Zealand. i

b. Note that this table contains no inforr.ation on that part of GERD that isperformed abroad.
c. Current intramural expenditure plus depreciation.
i. Including the social sciences.
e. Current intramural expenditure.
f. It is likely that the share of ERD expended within the Government sector

is actually somewhat smaller than appears here and that the share expended
within the Higher Elucation sector is somewhat larger. For an explanation
of why this is so, see Table D-4, note c.

q. Private Non-profit institutes proper plus enterprises t extramural expendi-
ture to in. iviluals and other non-survey performers.

Sotirce: For 1963 an4 1967: CECD, kF; Trends and Cbjectives, Table 5, p. 35.
For 1969: CEOD, 9urvey of R&D in 1969, Vol. 5, Table 1.2(B), p. 30.
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I
Table C-2

GROSS EXPENDITURES ON R&D BY SECTORS OF PERFORMANCE:
ABSOLUTE AMOUNTS

(in millions of current US dollars)
CATEGORYb

Business Higher Private

Country
a  

Year Enterprise Government Education Non-profit

Major OECD Members:

UNITED STATES 1964 13,508.1 2,843.8 2,228.9 634.1
1968 17,604.4 3,495.5 3,318.2 911.9
1969 18, 483.b 3,749.9 3,377.6 984.0

WEST GERMANY 1964 948.0 48.8 281.5 158.0
1967 1,421.5 106.! 1 339.7 216.8
1969 1,808.7 124.6 464.1 257.2

JA PAN 1963 575.8 112.5 297.6 36.8
1967 1,053.8 201.0 638.1 60.5

1969 1,744.6 313.7 492.5 38.9

U1NIrED KTNJDCV. 1964 1,410.4 537.8 157.7 54.0
1967 1,719.0 656.9 206.6 66.2
1968 1,578.6 597.8 202.5 61.0

FRANCE 196! 635.6 466.6 191 1 6.5

1967 1,360.6 814.8 361.3 25.6

1161 1,486.4 782.0 380.3 26.8
Other CI':

itily 19i 0 162.0 68.9 42.2 --
1t57 770. 126.1 50.1 --

S180 174. 139.6 ...

Nether an 19. . 183.4 9.3 68.1 69.7
4:,7 298.5 13.9 110.5 90.9
1S 6i.6 06.7 104.8 50.9

1q, ' 170.6 173.6 85. I --
197 312.3 294.9 221.2 --

1969 Z5"84 377.8 283.0

w - ,erlin 1 69 31.5 16.4 43.1

Swe len 1961 ib8.7 39.3 34.9 1.0
1966 2'4.9 47.7 5 .i 1.3
1969 242.9 54.5 70.3 0.4

ReIjTi 196, 94.4 13.4 27-2 1.8
1967 117.6 18.3 37.7 2.3
]9 9 147.1 27.4 84.9 1.3

.enm4 rk 197o 68. 37. 32.4 7.1

;,, I 191 ? 14.7 2.2 6.0 0.2
1967 ;9.4 5.6 17.1 0.1
1969 10.8 ......

N'o.. V 1961 21.9 8.9 10.6 1.0
1967 40.4 13.0 26. 0.9
1959 46.8 19.4 0.3 0.5

rirlanl 1969 33.3 15.3 13.2 1.6

-pain 1964 7.1 19. 1.8 --
967 25.6 30.4 1.6 ..

1969 26.8 35.8 2.1 --

T reland 1963 3.0 ..9 1. 0.4
1967 6.1 8.4 2.5 0.2
1969 8.2 10.7 3.3 0.2

Greece q64 1.2 5.9 0.7 0.1

1966 3.8 5.0 2 . 0.i
1969 4.0 8.4 2.3 0.3

Portuqal 1964 2.0 6.1 0.6 0.5
-. 1967 1.8 7.7 0.8 0.8

a. osntries a ranked within categories according'tu the amount of R&D perf rmed in the Business

Enterprise sector in 1969. OECD member nations not represented include Turkey, Australia,

rcelanA, and Luxembourq and the two associate members, Yugoslavia and New Zealand.
b. Note that this table contains no information on that part of GERD which is performed abroad.

Source: Data were obtained by allocating national expenditures on R&D as shown in Table A-i
according to the percentage distribution indicated in Table C-1; see those tables
for detailed notes.
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Table D-1

SOURCES OF FUNDS FOR R&D PERFORMED IN THE BUSINESS
ENTERPRISE SECTOR IN THE 1960s

(percentage distribution)
1 _____CATEGORY

Business !Private Higher
Countrya I Year Enterprise Government Non-profit Education Abroad

major 0ECD Members:

UNITED STATES 1961 43.9 56.1 -- ..
1963 42.8 57.2 -- ....
196- 46.3 53 ......

196748.9 b 5...

1969
D  

53.4 46.71FpPSc E 1961 66.2 32.8 .. 1.i
4 1963 66.7 30.3 .... 3.1

1965 58.6 36.5 .... 4.9

1967 56.9 38.8 .... 4.3
196,

c  
58.1 35.8 .... 6.1I ':ITED K1,i<7lO! 1961 59.4 40.5 .... 0.2

1964 61.3 35.8 .... 2.9
1967 64.1 32.2 .... 3.7
1968 63.4 31.8 0.4 -- 4.4

WEO3 2ER6-AY 1964 85.7 14.0 -- 0.3
197 81.9 17.3 0.3- 0.41969 ¢  86.4 ]3:2 0.1 0.3

'APA! 1963 99.6 0.4 .-- --

1967 98.9 0.9 0.2 ....
1969e 98.7 1.2 --....

Cther r EPD':
N,'May 1963 71.6 23.6 1.9 0.4 2.5

1967 73.2 24., -- -- 2.2
1 9 F 9 

c  
8 0 .6 1 8 . 2 ...- 2

.i n JC7 63 80.,, 1 ,;.. 4.0
1- 7,.., 17.4I.. 9.--

1969 80. 1i -.-.. 5.0

we.en 19.4 7*.8 ?,. 7 .... 0.4
1) 7 77.( .. 0 0 1 -- 0.1

40 -- 0.9

1 v 1 9 ; 9 6 .2 1 .0 . .. . 0 .813' : ..-.... 2.

!9, 7 P. 1.i -.... 4.6
il, ]. ; 7.. . .. -- 2.4

Bel ;i'± 197 : . : . 2.3eri2. 7~ H. ,'. -, • -- 2.

Frtuv J i-4 6'.I .7 -- 14.9 1.6
19? . ,. - .....

N theylin: 1,'4 3.2 .I *.. -- 1.4

1967 9 1.4 -- 1.4

1969..9 1.8 0.1 0.9

F inland 1969 12. 3. .. -- 1.5

S p a i n 1 9 6 4 1 0 0 .0 ... ..- -
1967 96.6 .2 -- 0.2 1.8
199

c 
,e 97.0 1.7 .... 1.3

2-r'rk 197J 98.,1 --

Au;rii 196' 84.7 1.4 -- 1.:
19F7, 90.9 p.2. 0.. -- 0.8
12/ 98.6 . 0. 12

rrelan2 19653 89.7 9.6 .... 0.7
I )F 7 96.6 2.0 .. 1.4

1 9 98. 7.7 .... 1.i

r e e19 4 19,.0 .. --...

1 E6' 38.7 .... .
- , 1969' 100.0 ........
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Notes for Table D-1:

a. Countries are ranked within categories according to the size of
their government's share of funding for R&D performed in the
Business Enterprise sector in 1969. OECD member nations not included
are Australia, Iceland, Luxembourg, Switzerland, Turkey, and the two
associate members, Yugoslavia and New Zealand.

b. Current intramural expenditures plus depreciation.
c. Total intramural expenditures.
d. Included in another source of funds, which was not indicated.
e. Including the social sciences and the humanities.
f. Includes loan from government of 6,651 million Danish Kroner.
g. Including national estimates of about 20 percent of the total.
h. Total intramural and extramural expenditures.
i. Funds from the Industrial Research Promotion Fund.
j. Includes funds from the Higher Education sector and "Abroad."

Source: For Austria in 1969, OECD, Survey of R&D in 1969, Vol. 1,
Table E.2(F), p. 38; other 1969 data, Vol. 5, Table 1.3(B),
p. 32. For all other data: OECD, R&D Trends and Objectives,
Appendix, Table 8, p. 11. (Note that the tigures in this
table are expressed in terms of percentages of GERD. These
have been converted into percentages of that portion of
GERD performed in the Business Enterprise sector.) j
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Table D-2

SOURCES OF FUNDS FOR R&D PERFORMED IN THE
GOVERNMENT SECTOR IN 1969
(percentage distribution)

CATEGORY

C r Business HgePrivate e r

Countrya  Enterprise Government Non-profiti Education Abroad

Major OECD '1embers:

UNITED STATES -- 100.0 ......
JAPAN 1.9 98.1 ......
FRANCE 1.1 9 .9 -- 0.6 2.4
WEST GERMANY 5.3 3.6 0 1...
UNITED KINGDOM(,e 5.8 89.2 2.8 -- 2.2

Other OECD:

DenmarIf 0.4 99.2i 0.? -- D.,
Canada 0.8 98.4 -- 0.1 0.7
Greece -- 98. - - - 1.7
Italy 2.3 96.7 ...-- 0.9
Finland 1.6 96.6 1. -- 0.3
Ireland 3.8 96.1 .-- --

Norway 0.7 96.1 0.6 -- 2.6
Belgium 1.2 94.9 1.9 0.1 1.9
Netherlands -- 94.7 0.1 0.4 4.8
Sweden . 92.9 D. 0.. 1.7
Spain 9.0 84.1 5.1 1.1 0.6

a. Countries are ranked within categories according to the size of their
government's share of funding for R&D performed in the Government sector.
The percentage shares reflect the funding sources of total intramural
expen:litures. CECD member nations not included are Australia, Austria,
Iceland, Luxembourg, Portugal, Switzerland, Turkey, and the two associate
-embers, Yugoslavia and New Zealand.

b. Including the social sciences.
C. 'f which 78.1 million D%! (or 7.8 percent) is federal contributions to

-he L~nder.
For T7',]-rea] 1968.

e. Feceipts from other sectors include receipts from the sale of licenses,
patents, products, and so on.
For 1969, read 1970.
includes loans an: funds from other nonspecified sources.

-ourcn: CEC, !7urvey of R&D in 1969, Vol. 5, Table 1.4(B), p. 74.
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Table D-3

SOURCES OF FUNDS FOR R&D PERFORMED IN THE
PRIVATE NON-PROFIT SECTOR IN 1969

(percentage distribution)

V .... CATEGORY___

Business Private Higher
Country' Enterprise Government Non-profit Education Abroad

Major OECD Members: - b
WEST GERMANY 2.2 92.2
UNITED STATES 8 .265.1 21.3 ....

T NITED KINGDOM ' 28.2 54.2 15.6 2.0

FRANCE .8 40.1 39.1 12.7 3.2
JAPAN 4.5 12.2 39.2 -- 3.1

Cther OECD: I

Netherlands 13.9 77.6 4.5 -- 4.1
,reece -- 72.6 13.3 .- 14.1

0 68 .0 25.1
B.e 1 ji:m 28.0 15.6 1.6
Finld n ! 4: + 9 <+,1. l - 2.6
1reland 14. 4 29.2 -- 13.4

Denmarke . 1 2l.9 -- .9

Sweden 28.- 14.3 47.6 9. -- I
. ountries ire rnke , vi'hin c ,egcies acr ord nq to the si.e ct their overn-
7ent's Fhare of fun!in - r- F perforTed in the Private Ncn-profit sector.
The percentaqe shares re: lect the fundinq sources cf tocta intr:amural
expenditures. CECC ember naticnl' no' incluled are Australia, Austria,

anada, Iceland, Italy, Luxembourg, Portugal, Spain, Switzerland, Turkey,
an; the two associate members, Yugoslavia and New Zealand. Canada is not
represented because Private Non-profit cannot be distin uished from
Higher Education as a sector of performance.

b. Included in a nonspecified source of funds.
c. For 1969, rea! 1968.
2. Intramural spending in the Private Nn-prfit sector proper plus residual

intramural expenditure in "COher" sectors.
e. For 1-69, read 1970.
f. Loans and funds from nonspecified sources are included in "own funds."

Iource: OECD, Survey of R&P in 1969, Vol. 5, Table 1.5(B), p. 36.
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Table D-4

SOURCES OF FUNDS FOR R&D PERFORMED IN THE
HIGHER EDUCATION SECTOR IN 1969

(percentage distribution)

CATEGORY

Business Private Higher
Countrya Enterprise Government Non-profit Education Abroad

Major OECD Members:

FRANCEb 0.1 99.7 0.1 ....
WEST gERMANY 3.7 96.3 ......
JAPANc 0.5 83.3 -- 0.

UNITED KINGDOgcVd 4.6 81.9 4.2 7.6 1.8
UNITED STATES 1.8 67.8 4.0 26.5

Other OECD:
l -- 100.0 -- --

Spain 0.1 99.8 0.1 _0.1
Neterlnds 0.5 98.9 -- 0.5
Denmarkn -- 98.8 0.4 0.4g  0.3
Greece -- 95.9 1.7 0.9 1.5
Norway 1.7 94.5 1.7 1.2 0.9
Finland 0.7 93.1 1.0 5.2 --

BeigiuT h 1.4 92.4 0.7 3.7 1.8
Canada '  0.3 90.9 1.2 7.2 0.3

Irelandb 1.4 90.3 0.7 5.0 2.7
Sweden 1.9 88.6 6.2 0.5 2.7

Switzerlandc 7.0 83.0 4.3 1.4 4.2

Notes for Table D-4:

a. Countries are ranked within categories according to the size of their
government's share of fun.ing for R&D performed in the Higher Education
sector. The percentage bnares reflect the funding sources of total
intramural expenditures. OECD member nations not included are Australia,
Austria, Iceland, Luxembourg, Portugal, Turkey, and the two associate
members, Yugoslavia and New Zealand.

b. The national authorities that supplied data to the OECD considered
certain funds supplied by the Government sector (essentially from the
Ministry of Education) as funds supplied by the Higher Education sector.
The OECD accepted this definition in preparing its table on sources of
funds for R&D performed in the Higher Education sector. In a note to
its table, however, the OECD offered other figures that it considered
more accurately reflected the true magnitude and distribution of R&D
financial support for six member nations. Those figures have been used
in preparing this table. The adjustments required resulted in each of
the six cases in a reduction in funds supplied by the Higher Education
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sector to itself, an increase in funds supplied by the Government sector,
and, most significantly, in a very substantial increase in the total level
of support for R&D performed in the Higher Education sector. This suggests
that the distribution of GERD among the sources of funds and sectors of
performance and the transfer of funds from the Government sector to the
Higher Education sector is not that shown in the OECD tables. It is
probable that, for each of these six countries in 1969, (1) the figures
on government funding of R&D should be increased by the same amount the
figures on Higher Education funding have been reduced in this table,
(2) the figures on R&D performed in the Government sector should be
reduced by the same amount the figures on R&D performed in the Higher
Education sector have been increased, and (3) the data on the flow of funds
from the Government to the Higher Education sector should be changed to
reflect these adjustments. Unfortunately, it proved impracticable to
recompute all of the OECD tables. Tables B-I and B-2 on sources of funding
do, however, reflect the adjustments suggested by the OECD.

Some idea of the extent of the changes entailed by this procedure
may be obtained by comparing the figures in this table to those provided
in the original OECD table. These appear below:

CATEGORY

Business Private Higher ]
Country Enterprise! Government Non-profiti Education Abroad

FRANCE 1 0.6 10.8 0.5 88.0 0.1
JAPAN 0.8 A .4 -- 94.7 0.1

Italy -- 63.4 36.6 1-
Spain 1.4 58.7 37.4 1.7
Canada 0.7 51.0 29 44.8 0.7
Ireland j%. 6  22.1 1.8 58.4 11.0

c. For 1969, read 1968.
d. Excludes payments in respect of post-7raduates. Excluding Research Council

units at universities.
e. Including the socieil sciences.
f. For 1969, read 1970.
g. Loans and funds from nonspecified sources are included in "own funds."
h. Including Private Non-profit institutes.
i. National estimates.

Source: OECD, Survey of F&D in 19-, .cl. 5, Table 1.6(B), p. 38.

I.



I

Table D-5

JVERIrMENT EXPENDITURES ON R&D BY SECTOR OF PERFORMANCE IN THE 1960s
(percentage distribution)

I . .. t ... . . ,- A T E ' 0 C Y

ks 'r eF Friate Higher
oun t rya  Ye r Enterprise [ overrrent Non-prcfit Education

ijor CEC[> >emberl:
2:U [ S A E-1 

,
i ':; 1.1 '.7 10.9

1 1. 27 . 12.3

19 { . 31 3.8 13.5

1
7 .  

. d 1 15.2
. . 6 4 . 15.0 

e '

-ITE Kr. C, 13D '.. 4 .0 1.7 7.Z

1 40.7 44 .1 ,.712.5
168 40. 43.! 2.7 13.4

1 ),,;?1 3 56.9 19.3
4 8 22.7

2> 11.22. .0

196 3.96 3. 1

I )t. - .

* ,:." . .111 2 .. ,-.

1 .7 7 3 0

11i 0 .6. '1

10 1. 7 O
1.7 1 . 7 1.0 .

11 0.7
13. 1 .

. 7. 18

7.9

1 7 7
1 7 .1-

13. 4i . . 90.8 :.

7 1 h
i . .17.

1 ' '. 7.7-.1.

" ' -- 8

i 7.. " 1 -

10 77i 
'
4 * , R -- .8

71.: ,.7

.77.,



Notes for Table D-5:

a. Countries are ranked within categories according to the size of the
share of their government's R&D expenditures absorbed by the
Business Enterprise sector. OECD member nations not included are
Australia, Iceland, Luxembourq, Switzerland, Turkey, and the two
associate members, Yugoslavia and New Zealand.

b. -urrent intramural expenditure plus depreciation.
c. Including the social sciences.
1. Total intramural expenditures.
e. Current intramural expenditures.

It is likely that the flow of funds from Government to -he Higher
Education sector is somewhat larger than is indicated here and that
the Government sector itself is somewhat smaller. For an explana-
tion of why this is so, see Table D-4, note c.

j. Private Non-profit cannot be distinguished from Higher Education
as a sector of performance.

1.. Da~3 are not comparable with corresponding data for 1967.
i. Including the social sciences and humanities.
j. includes loan from Government of 6,651 million d. Kr.
k. including national estimates of about 20 percent of the tot--l.
1. Includes loans and funds from other nonspecified sources.

Source: For all years prior to 1969: OECD, R&D Trends and Objectives,
Appendix, Table 7, p. 10. (Note that the figures in this
table are expressedl in terms of percentages of GERD. These
have been converse-] into percentages of total cjovernment
expenditures on P periormed in each sector.) For 1969:
OECD, Survey of R&D in 1969, Vol. 5, Tables 1. (A), 1.4(A),
1.",(A). cnd 1.6(A), pp. 3-5_9. (Note that these tables refer
tc sources of funds for the four' sectors of performance. For
each country the fiqures on government funding for each sectcr
have been e>tricrte(, ddied together, and checked acairst the
fiqures on tota.l c overrunmnt iunuing in Table 1.1(A). The
percent gcce i _]:> 5 sbu ion Io! 1969 wi s then derived.)
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Table E-1

TOTAL INTRAMURAL EXPENDITURES ON R&D BY TYPE OF ACTIVITY IN 1969
(in millions of current US dollars)

Basic Applied Experimental

Countrya Research Research Development

Major OECD Members:

UNITED STATESb 3,761.0 5,654.0 16,868.0
FRANCEc 488.2 846.6 1,343.3
UNITED KINGDOMb d 224.5 528.7 1,304.4

Other OECD:

Netherlandsb 232.01 263.5
Canadab 167.3 294.7 314.5
Italyd 145.0 292.4 256.9
Belgium c 84.1 108.3 68.7
Swedenb 46.9 75.0 215.6
Denmart D ' f 24.2 32.0 62.3
Norway 17.1 26.3 38.8
Spain b  9.4 18.8 3.3
Greece b 2.3 6.1 3.8Irelandb 2.2 7.6 9.0

a. Countries are ranked within categories according to the amount
of financial support provided for basic research. OECD member
nations not represented include Australia, Austria, Finland,
West Germany, Iceland, Japan, Luxembourg, Portugal, Switzerland,
Turkey, and the two associate members, Yugoslavia and New
Zealand.

b. Current intramural expenditures.
c. Total intramural expenditure.
d. For 1969, read 1968.
e. Includes both basic and applied research.
f. For 1969, read 1970.

Source: OECD, Survey of R&D in 1969, Vol. 5, Table 3.5, pp. 72-73.
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Table E-,

TOTAL INTRAMURAL EXPENDITURES ON R&D BY TYPE OF ACTIVITY IN 1969
(percentage distribution)

Basic Applied Experimental
Countrya Research Research Development

Major OECD Members:

FRANCE 18.2 71.6 50.2
UNITED STATES 14.3 21.5 64.2
UNITED KINGDOM 10.9 25.7 63.4

Other OECD:

Netherlands 4 6 .8b 53.2
Spain 41.9 55.1 3.0
Belgium 32.2 41.5 26.3
Canada 21.5 38.0 40.5
Italy 20.9 42.1 37.0
Norway 20.8 32.0 47.2
Denmark 20.4 27.0 52.5
Greece 18.8 49.7 31.5
Sweden 13.9 22.2 63.9
Ireland 11.6 40.7 47.7

a. Countries are ranked within categories according to the size
of the share of GERD consumed by basic research. OECD member
nations not included are Australia, Austria, Finland, West
Germany, Iceland, Japan, Luxembourg, Portugal, Switzerland,
Turkey, and the two associate members, Yugoslavia and New
Zealand.

b. Includes both baoic and applied research.

Source: OBCD, Survey of R&D in 1969, Vol. 5, Table 3.5, pp.
72-73.
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Table E- 3

BASIC RESEARCH BY SECTOR OF PERFORMANCE IN 1969
(percentage distribution)

CATEGORY

Business Private Higher
Country Enterprise Government Non-profit Education

Major OESD Members: c
FRANCE 10.6 24.2f 2.7f 63.8fUNITED STATESd  17 .2e 57 61.8

d1. 1 5 .5. 6h.3
UNITED KINGDOMd ,g 21.0 35.3 5.7 38.0

Other OECD:
Swedend d 8.5 4.0 0.5 86.9
Irelandd 7.3 3.7 3.6 85.4
Norway d  4.5 16.9 1.5 77.0
Belgiumb 16.1 9 5. 1.2. 73.2.
Denma rkJ 2.7 22.9' 5.01 69.51

Canad 8.5 29.1 62 5ck
Italy d 6.6 52.1 ... 41.3
Greece 0.4 65.7 4.2 29.7
Netherlandsd 'I  4 1.1 18.6 12.1 28.2
Spaind 7.9f 81.0 -- 11.0

a. Countries are ranked within categories according to the size of
the share of basic research expenditures consumed within the
Higher Education sector. OECD member nations not included are
Australia, Austria, Finland, West Germany, Iceland, Japan,
Luxembourg, Portugal, Switzerland, Turkey, and the two associate
members, Yugoslavia and New Zealand.

b. Total intramural expenditures.
c. National estimates.
d. Current intramural expenditures.
e. Current expenditures plus depreciation.
f. Including the social sciences.
g. For 1969, read 1968.
h. Excluding a share of L34,106th, which could not be broken down

by activity.
i. Partial data.
j. Includes both Private Non-profit and Higher Education.
k. For 1969, read 1970.
1. Including applied research.

Source: OECD, Survey of R&D in 1969, Vol. 5, Table 3.1(B), p. 64.
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Table E-4

APPLIE) RESEARCH BY SECTOR OF PERFORmANCE IN 1969
(percentage distribution)

C A T E G 0 R Y

Business Private Higher
Countrya Enterprise Government Non-profit Education

Major OECD Members: b d  .d .d

UNITED STATESb  5 8 .6c 21.0d 7 12.6
UNITED KINGDOMbe 57.7 230 3.3 16.0 i

FRANCEh 50.9 38.8 1.2 9.0

Other OECD:

Belgiumh 65.6 iJ .2 0.3 18.9
Ttalyhb 51.4 22.3 26.3
Norwayb 44.7 27.8 0.6 26.9.
SwedeB 43.3 d  41.0 0.1 15.5'
Spain ,j 37.0 60.5 -- 2.5
Denmarkb 'j  32:9 43.8 7.6 15.79
Canadab 29.8 53.2 1 6 .9ik

Greece b 23.7 64.0 2.3 10.1
Irelandb 11.6 75.9 1.2 11.3

a. Countries are ranked within categories according to the size of
the share of applied research expenditures consumed within
the Business Enterprise sector. OECD member nations not included
are Australia, Austria, Finland, West Germany, Iceland, Japan,
Luxembourg, Portugal, Switzerland, Turkey, and the two associate
members, Yugoslavia and New Zealand.

b. Current intramural expenditures.
c. Current expenditures plus depreciation.
d. Including the social sciences.
e. For 1969, read 1968.
f. Excluding a share of L34,106th, which could not be broken down

by activity.
g. Partial data.
h. Total intramural expenditures.
i. National estimates.
j. For 1969, read 1970.
k. Includes both Private Non-profit and Higher Education.

Source: OECD, Survey of R&D in 1969, Vol. 5, Table 3.2(B), p. 66. I
." 2 0

.4

P



Table E-5

EXPERIMENTAL DEVELOPMENT BY SECTOR OF PERFORMANCE IN 1969
(percentage distribution)

CATEGORY

Business Private Higher

Countrya  Enterprise Government Non-profit Education

Major OECD Members:

UNITED STATES b 86.0c  10 1.7 2.0d

UNITED. KINGDOM ,e 82.5 17.4 h
FRANCE' 74.8 24.9 0.2 i

Other OECD:

Belgiumh 91.3 4.5 -- 4.1.
Swedenb 88.6 8.6 -- 2.71
Italyh b 85.9 13.1 ... 1.0
Netherlands 85.9 5.4 4.5 4.2
Denmarkb,j 79.3 1 3 6  4. 3g 2.8
Norwayb 78.3 16.1 0.1 5.4.
Canad b 67 .6d 25.6 6.8
Spainb 59.4d 40.4 -- 0.2

Greece-b 57.0 38.8 1.1 3.1
Irelandb 52.3 46.5 0.2 0.9

a. Countries are ranked within categories according to the size of
the share of experimental development expenditures consumed within
the Business Enterprise sector. OECD member nations not included
are Australia, Austria, Finland, West Germany, Iceland, Japan,
Luxembourg, Portugal, Switzerland, Turkey, and the two associate
members, Yugoslavia and New Zealand.

b. Current intramural expenditures.
c. Current expenditures plus depreciation.
d. Including the social sciences.
e. For 1969, read 1968.
f. Excluding a share of L34,106th, which could not be broken down

by activity.
g. Partial data.
h. Total intramural expenditures.
i. National estimates.
j. For 1969, read 1970.
k. Includes both Private Non-profit and Higher Education.

Source: OECD, Survey of R&D in 1969, Vol. 5, Table 3.4(B), p. 70.
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Table E-6 -

BUSINESS ENTERPRISE R&D BY TYPE OF ACTIVITY IN 1969
(percentage distribution)

TYPE OF ACTIVITY

Basic Applied Experimental
Countrya Research Research Development

Major OECD Members:

WEST GERMANYbd 7.0 . 93.0 c

UNITED STATES b 3.5 17.9 78.6
UNITED KINGDOM 3.3 21.4 75.3
FRANCEe 3.5 29.0 67.5
JAPANe 9.1 27.0 63.9

Other OECD:

Switzerlande f 12.5 87.50
Swedenb 1.8 14.3 84.0
Irelandb 2.8 15.4 81.8
Denmarkb 1.1 h  17.4 81.5
Austriag 2 6 .1 73.9
Norwayb b 1 .8h 27.4 70.8
Netheriands 29.7 70.3
Canada 4.5 27.9 67.6
Finlangb 2.9 32.1 65.0
Greece 0.3 39.4 60.3
Italye 2.5 39.5 58.0
Belgium 9.2 48.2 42.6
Spainb,i 7.9 81.0 11.0

a. Countries are ranked within categories according to the size
of the share of Business Enterprise R&D expenditures devoted
to Experimental Development. OECD member nations not included
are Australia, Iceland, Luxembourg, Portugal, Turkey, and the
two associate members, Yugoslavia and New Zealand.

b. Current intramural expenditures.
c. Includes both Applied Research and Experimental Development.
d. Current expenditures plus depreciation.
e. Total intramural expenditures.
f. Manufacturing only.
g. Intramural and extramural expenditures.
h. Includes both Basic and Applied Research.i. Includes the social sciences.

Source: OECD, Survey of R&D in 1969, Vol. 5, Table 3.5, pp. 72-73.
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Table E-7

GOVERNMENT R&D BY TYPE OF ACTIVITY IN 1969
(percentage distribution)

TYPE OF ACTIVITY

Basic Applied Experimental
Countrya Research Research Development

Major OECD Members:

UNITED KINGDOMbc 18.5 28.4 53.0
UNITED STATESb,d 16.5 34.2 49.3
FRANCEe 15.2 42.0 42.8

Other OECD:

Finlandb 18.7 38.5 42.8
Irelandb 0.8 57.7 41.5
Norwayb 17.6 44.4 38.0
Swedenb 3.7 60.0 36.3
Denmarkb f 19.8 50.0 30.2
Canadab 17.0 54.9 28.1
Netheriandsb 75.3-4 24.9
Greece 21.9 56.4 21.7
Italye 43.3 37.4 19.3
Belgiume 29.0 59.7 11.3
Spainb 37.0 60.5 2.5

a. Countries are ranked within categories according to the size of
the share of Government R&D expenditures devoted to Experimental
Development. OECD member nations not included are Australia,
Austria, West Germany, Iceland, Japan, Luxembourg, Portugal,
Switzerland, Turkey, and the two associate members, Yugoslavia
and New Zealand.

b. Current intramural expenditures.
c. Excluding a share of L34,106th, which could not be broken down

by activity.
d. Including the social sciences.
e. Total intramural expenditures.
f. Partial data.
g. Includes both Basic and Applied Research.

Source: OECD, Survey of R&D in 1969, Vol. 5, Table 3.5, pp. 72-73.
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Table E-8

PRIVATE NON-PROFIT R&D BY TYPE OF ACTIVITY IN 1969
(percentage distribution)

TYPE OF ACTIVITY
Countrya Basic Applied ExperimentalResearch Research Development

Major OECD Members:

UNITED KINGDO. b c 41.7 56.6 1.7
UNITED SWATES ' 22.9 46.1 31.0
FRANCE e ,  49.2 38.3 12.5

Other OECD:
Greece 3 b4.6 50.1 15.3Ireland 41.1 48.5 10.4
Denmardbc 19.0 38.6 42.3

Norway b 5.6 9.5
Finland" 17.1 32.3 50.6
Belaide 71.? 26.8 -- I
Sweden 61.9 19.0 19.0

Netherlandsb 24.9 A

a. Countries- dre ranked within .-ategories according to the size of
the share of Private Non-profit R&D expenditures devoted to
Applied Research. OECD member nations not included are Australia,
Austria, Canada, West Germany, Iceland, Italy, Japan, Luxembourg,
Portugal, Spain, Switzerland, Turkey, and the two associate
members, Yugoslavia and New Zealand.

b. Current intramural expenditures.
c . Partial data.
d. Including the social scien-es.
e. Total intramural expenditures.
f. National estimates.
g. Including both Basic and Applied Research.

Source: OECD, Survey of RF&D in 1969, Vol. 5, Table 3.5, pp. 72-73.

II 2641

iI



I
I

Table E-9

HIGHER EDUCATION R&D BY TYPE OF ACTIVITY IN 1969
(percentage distribution)

TYPE OF ACTIVITY

Basic Applied Experimental
Country Research Research Development

Major OECD Members:

WEST GERIANYb 100.0 ....
FRANCEce 79.8 20.1 0.2
UNITED STATESb#e 68.8 21.2 10.1
UNITED KINGDOMb 50.0 49.6 0.4

Other OECD:

Netherlands 85.5 .f14.4

Belgiumc 72.5 24.2 3.4
Denmark g 71.3 21.2 7.5
Swedenb,d 70.0 20.0 10.0
Irelandb 66.3 30.7 3.0
Canadab,d,h 59.5 28.4 12.1
Spainbb 59.4 40.4 0.2
Norwayb 58.9 31.7 9.4
Greece 48.3 43.3 8.4
Italyc 43.0 55.2 1.8

a. Countries are ranked within categories according to the size of
the share of Higher Education R&D expenditures devoted to Basic
Research. OECD member nations not included are Australia,
Austria, Finland, Iceland, Japan, Luxembourg, Portugal,
Switzerland, Turkey, and the two associate members, Yugoslavia
and New Zealand.

b. Current intramural expenditures.
c. Total intramural expenditures.
d. National estimates.
e. Including the social sciences.
f. Includes both Basic and Applied Research.
g. Partial data.
h. Includes expenditures by both Private Non-profit and Higher

Education sectors.

Source: OECD, Survey of R&D in 1969, Vol. 5, Table 3.5, pp. 72-73.
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Table F-20

ESTIMATED GOVERNMENT R&D FUNDING FOR GROUP V,
OTHER ACTIVITIES, BY OBJECTIVE
(in millions of 1961 US dollars)

veloping Countries Miscellaneous Total Group V

Country a1961 1965 1971 196 1971 1961 195 1971

Major OECD Members: -
WEST GERMANYb ... ... 61.4 I 64.6 ... 61.4 1 64.6
UNITED STATES 8.3 9.4 22:0 1.3 7.2 5.2 9.6 16.6 27.2
FRANCEC 11.3 15.9 22.1 -- 2.2 3.7 11.3 18.1 25.8 
UNITED KINGDOM.c 3.6 5.0 6.7 1 12.6 I 12.9 13.7 16.2 17.9 20.4
JAPANd - .. . . I 2.8 1.9 5.1 2.8 1.9 S.1

Other OED:E
Canadad .. .. 0.5 8.5 0.3 5.2 8.5 0.3 5.7
Nethelandsc 0.05 0.32 1.35 0.191 0.35 1.48 0.24 0.67' 2.83
Italy cO.01 0.01 ... i 1.1 1. .. 1.11 1 1
Belgium 0.21 0.61 .. .... 0.21' 0.61Swedene 0-- 0.35 .. .. . -- 0.35

Norway I__ ~Spain.. . . . . .. .

a. Countries are ranked within categories according to the size of their government's
expeniitures on Other Activities R&D in the last year for which data are ailable.

b. For 1965, read 1967.
c. For 1971, read 1972. 1
d. For 1971, read 1969.
e. For 3.971, read 1970.

Source: OECD, Changing Priorities for Government R&D, pp. 420-21 and 424-25. 1

Table F-21

ESTIMATED GOVERNMENT R&D FUNDING FOR GROUP V, OTHER ACTIVITIES,
AS A PERCENTAGE OF TOTAL GOVERNMENT EXPENDITURES ON R&D

Developing Countries 1 Miscellaneous r Total Group V

Countrya 1961 196S '1911 961 196 1971 196 965 1971
Major OECD Members:

WEST GER MANYb  "' i 6.2 4.6 2 4.•ao •: • : 16 6.2 4.6

FRANCEc . 6. 0.2 0.3 1 1.5 1.9
LLNITE KINGDOMC  0.3 0.4 0.5 1 1.2 1.1 1.1 1.5 1.5 1.6
JAPAN' . .. ... ... 1.2 0.5 0.9 1.2 0.5 0.9
DINITED ' TTE5 0. 1 0.2 .... .. 0.1 0.2

Other OECD:
Netherlandsc 0.1 0.3 0.7 0. 0 3 0.8 0.4 0.6 I 1.5
Canada

3
l . . . ... 0.1 4.1 0.1 1.3 4.1 0.1 1.4

Belgiumc 0.3 0.4 . .... ... 0.3 0.4
Italy ... --.. 0.3 ... 0.8 0.3
S eden
Norway ..I I S~~~~~pain .. . .. ... . .. .

a. Countries are ranked within categories acco,ding to the size of the share of their
government's expenditures on Other Activities R&D in total government R&D expendi-
tures in the last year for which data are available.

b. For 1965, read 1967.
c. For 1971, read 1972.
d. For 1911, read 1969.

Source: iZCD, Changing Priorities for Government R&D, pp. 420-21 and 424-25.
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Series GI
R&D FINANCIAL ALLO2ATIONS BY SELECTED NON-OECD COUNTRIESI

Note: The categories listed under "Sector
of Performance" and "Sources o- Funds"
are defined on pages 155-156 and 157-58,
respectively.
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Table G-i
HISTORICAL TRENDS IN GERD, SELECTED NON-OECD COUNTRIES

(in thousands of local currency units and current US dollars)

Fiscal T O T A L G E R D

Country Year Local Currency Dollars

Asia:

South Korea 1965 2,C, 660 Won 7,618.7
1966 3,153,696 11,717.4
1967 4,8!5,230 17,683.3
1968 6,6E7,491 23,798.9
1969 9,773,985 32,151.3

Indiaa 1958 272,000 Rupee
1965 808,000 169,819.3
1968 1,197,000 158,124.2
1969 1,357,000 179,300.0

Iranbcde 1969 2,404,756 Rial 31,746.0
1970 2,933,984 38,732.5

Iraq 1966 262 US Dollar 262.0
1967 912 912.0
1968 1,361 1,361.0

A 1969 1,349 1,349.0
Africa:

ChaI g 'h  1965 176,868 Franc C.F.A. 716.5
1966 185,800 752.7
1967 183,900 745.0
1968 194,575 788.2
1969 227,0601 817.6

Ghana i '3  1963 1,241 Pound 3,476.2
1964 1,412 3,954.1
1965 1,458 4,082.6

RwanJa2  1963 21,000 Franc 420.0
1964 15,900 318.0
1965 19,500 390.0
1966 18,500 185.0
1967 24,400 244.0

Somalia 1963 600 Shilling 84.0
1964 600 84.0
1965 700 98.0
1966 720 100.8
1967 770 107.8

Sudan 3  1963 1,000 Pourd 2,872.0
1964 1,200 3,446.3
1965 1,400 4,020.7
1966 1,600 4,595.1

Tunisia 1964 159 Dinar 302.9
1965 172 327.6
1966 187 356.2
1967 205 390.5

Latin America:
c k

Cubac 1968 69,419 Peso 69,419.0k
1969 91,735 91,735.0

Argentina 1963 10,245,000? Peso 77,320.8
1964 ii,848,O000 78,515.6
1965 27,302,000 144,838.2
1968 15 ,4 00 ,0 00l

'm 44,000.0
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Notes for Table G-1: ]

a. Not including data for social sciences. It should be noted that
a devaluation of the Indian rupee from 4.758 to 7.541 per US
dollar took place on June 6, 1966, causing the drop in Indian
R&D expenditures for 1968, when these are converted to US dollars.

b. Not including data for Productive sector.
c. Also including data for law, humanities, education, and arts.
d. Not including activities of a military nature or relating to

national defense.
e. Data refer to government funds and special funds only.
f. Data refer to the Council of Scientific Research only.
g. Partial data; data given are for the Institut d'tlevage et de

Mddecine Vdt~rinaire des Pays Tropicaux and the Institut de
Recherche du Coton et des Textiles Exotiques.

h. Data relate to General Service sector only.
i. Not including expenditure for R&D by the University of Ghana.

Note that on July 19, 1965, the cedi replaced the Ghana pound1
at a rate of 2.40 cedis per pound.

j. Current expenses only (capital expenses not available).
k. Official rate of exchange. 1
1. Also including data for humanities and architecture.
m. Not including private enterprises. Also, the Argentine peso

was radically devalued in March 1967, which accounts for a
portion of the decrease in US dollars.

Source: UNESCO Statistical Yearbook 1971, pp. 641-47.
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Table G-2

GERD AS A PERCENTAGE OF GNP AT MARKET PRICES,
SELECTED NON-OECD COUNTRIES

(in millions of current US dollars)

a a GERD as
Country Year GERDa GNPa % of GN

Soviet Bloc :

USSR a ,b 1969 23,848.0 466,000 5.11
Poland 1969 1,000.0 40,500 2.47
Czechoslovakia 1969 1,405.3 28,300 4.97

Asia:

South Korea 1969 32.2 7,053 0.46
Philippines 1965/66 10.4 c  7,570 0.14
India 1969 179.3 42,000 0.43
Pakistan 1968/69 10.9 15,290 0.07
Iran 1970 3 8 .7d 10,900 0.36
Israel 1970 69.7 5,400 1.29
Iraq 1969 1.4 2,300 0.06

Africa:
Ghana 1965 4 .1  e 0

Kenya 1966 0.8d  975 0.08
Nigeria 1966 21.5 4,060 0.53

Latin America:
d e

Mexico 1970 41.5 29,550 0.14
Argentina 1968 44.0 14,375 0.31
Bolivia 1967 0.7 642 0.11

a. Also including data for law, humanities, education and arts.
b. "Expenditure on science," from the national budget and other

sources.
c. Current expenses only.
d. Current expenses only.
e. Estimated.

Source: GNP--for Soviet bloc and India, The Military Balance
1970-71, pp. 10-16 and 62; for Iran and Israel, The
Military Balance 1971-72, pp. 28 and 29; all oth -r,
UN Statistical Yearbook 1970, pp. 603-605.
GERD--UNESCO Statistical Yearbook 1971, pp. 611 and 641-
47.
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g Table G-4

GERD BY SECTOR OF PERFORMANCE, SELECTED NON-OECD COUNTRIES

(in millions of current US dollars)I
SECTOR OF PER FORMA NCE
Productive Sector

Total Non-
Fiscal All Integrated integrated Higher General

Country Year Sectors R&D R&D Education Service

Soviet Bloc:

Polanda 1969 1,000.0 371.) 415.1 19.5 94.3
Percent ai00.0 37.1 41.5 12.0 9.4

Czechoslovakiaa 1970 1,405.3 562.2 89.4 39.4 214.3

Percent 100.0 40.4 41.9 2.8 15.3

Asia:

South Korea 1969 32.2 3.3 8.1 1.1 19.7

Percent 100.0 10.2 25.2 3.4 61.2

Philippines 1965/66 10.4 1.5 2.S 6.4

Percent 100.0 14.0 24.0 62.0

Indiab 1969 179.3 15.1 2.8 161.4

Perc nt 100.0 8.4 1. 90.1
ts rael1' 1970 69.7 1i.1 -- 11.7 12.9

Percent 1 100 0 16.0 -- 65.6 18.4
Iral,

d
! 1970 38:7 e,f ...... .8 34.9

Percent 100.0 9.8 90.2

Africa:

Ching, 1969 0.8 0.1 .. 0.7

Percent 100.0. 12.5 87.5

Nigeri3 1966 21.5' .. . I -'" 2.0 19.5

Percent 100.0 ...... 9.3 90.7

sabia 1969 32.8 14.0 9.7 9.1

Percent 100.0 42.7 29.5 27.8

Latin America:

Mexico 1970 41.6 2.3 13.2 26.1

Percent 100.0 5.5 31.7 62.8

a. Also including data for law, humanities, education, and arts.
b. Not inclu~ing data for soc-ial sciences.

c. Data refer to civilian sector only.I . Not including activities of a military nature or relating to national defense.
e. Not including data for productive sector.

f. Data relate to goverment funds and special fund only.

g. Partial data; data given are for the Institut d'Elfvage et de M4decine Vetdrinaire

des Pays Tropicaux and the Institut de Recherche du Coton et des Textiles Exotiques.
h. Not including data for Higher Education sector.
i. For General Service sector only. Also, the figure shown here for "Total All

Sectors," from UNESCO Statistical Yearbook 1971, p. 618, does not agree with that

shown for total expenditures by source ot funds in the same source, on p. 626.

We are unable to account for the discrepancy, but have in each case used the

figures as shown in the respective sources.

Source: UNESCO Statistical Yearbook 1971, pp. 618-25.
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Table G-5 T

GOVERNMENT AND PRODUCTIVE ENTERPRISE FUNDS EXPENDED FOR R&D
AS A PERCENTAGE OF GROSS NATIONAL PRODUCT,

SELECTED NON-OECD COUNTRIES

Fiscal Government Productive
Country Year Funds Enterprise Funds

Soviet Bloc:

Poland 1969 0.79 0.92
Czechoslovakia 1970 2.29 2.68

Asia:

South Korea 1969 0.33 0.05
Philippines 1965/66 0.07 0.02
India 1969 0.39 0.04
Iran 1970 0.35 IH
Israel 1970 0.72 0.16
1raq 1969 0.03

Africa:

Chad 1969 0.13a

Nigeria 1966 0.31
Zambia 1969 1.46 0.31

Latin America:

Mexico 1970 0.13 0.01

a. GNP estimated from UN Statistical Yearbook 1970, p. 597.

Source: Table G-3 for Government ana Productive
Enterprise Funds, Table G-2 for GNP.
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Table G-6

GOVERNMENT AND PRODUCTIVE ENTERPRISE FUNDS EXPENDED FOR R&D,
AS A PERCENTAGE OF GERD, SELECTED NON-OECD COUNTRIES

Productive
Fiscal Government Enterprise

Country Year Funds Funds

Soviet Bloc:

Poland 1969 32.08 37.11
Czechoslovakia 1970 46.11 53.89

Asia:

South Korea 1969 72.98 10.25
Philippines 1965/66 51.92 16.35
India 1969 91.58 8.42
Iran 1970 98.45
Israel 1970 56.10 9.04
Iraq 1969 40.00

JAfrica:
Chad 1969 42.86 ...
Nigeria 1966 77.78
Zambia 1969 60.98 13.11

Latin America:

Mexico 1970 94.47 4.09

NOTE: The percentages on this table were computed on a slightly
different basis from those accomplished by UNESCO and
referenced in Figure 38 and Table G-3. In a few instances
this resulted in minor variations from the UNESCO percentage
figures.

Source: Table G-3.
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Table G-7J
CURRENT EXPENDITURES FOR R&D BY TYPE OF R&D ACTIVITYO

SELECTED NON-OECD COUNTRIES
(in millions of current US dollars and percentage of total)

Fundamental Applied Experimental
Country Year Total Research Research Development

Soviet Bloc:

Polanda,: 1969 754.7 226.4 528.3
Percent 100.0 30.0 70.0

Czechoslovakiab 1970 1214.6 217.1 524.6 472.9
Percent 100.0 17.9 43.2 38.9

Asia:

South Koreac 1969 32.2 6.4 10.4 15.4
Percent 100.0 19.9 32.2 47.9

Philippines 1965/66 10.4 2.8 7.6
Percent 100.0 27.1 72.9

Pakistanu  1968/69 6.4 - - 6.4
Percent 100.0 - - 100.0Iraqce 1969 1.5 - 1.5 -Percent 100.0 - 100.0

Africa:

Chad f 'g ' h  1969 0.8 - 0.7 -
Percent 100.0 82.7

Zambia 1969 22.0 3.9 7.8 10.3
Percent 100.0 17.8 35.3 46.9

Latin America:

Argentina 1968 33.1 10.0 16.1 7.0
Percent 100.0 30.0 48.7 21.3

a. Source for exchange rate: The Military Balance 1971-72, p. 9.
b. Also including data for law, education, humanities, and arts.
c. Data refer to total expenditure distributed by type of R&D activity.
d. Data refer to the Pakistan Atomic Energy Commission and the Pakistan

Council of Scientific and Industrial Research only.
e. Data relate to the Council of Scientific Research only.
f. Partial data; data given are for the Institut d'glevage et de Mgdecine

Vdtdrinaire des Pays Tropicaux and the Institut de Recherche du Coton
et des Textiles Exotiques.

g. Not including data fot Higher Education sector.
h. Not including data for social sciences.

Source: UNESCO Statistical Yearbook 1971, pp. 615-17. 1
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Series HI
R&D MANPOWER ALLOCATIONS BY SELECTED COUNTRIES WORLDWIDE

I

Note: The categories listed under "Sector
of Performance" are defined on pages
155-56.
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Table H-I

HISTORICAL TREND OF TOTAL PERSONNEL ENGAGED IN R&D, SELECTED YEARSI

Scientists and Engineers
Fercent

Country Year Total Number of Total

Major Non-European OECD:

UNITED STATESa 1963 b480,500
1966/67 72 ,391 507,486 70.0
1969/70 785,600 535,500 68.2

Canada a '  1963 31,700 11,500 36.3
1965 40,700 15,100 37.1
1967 51,800 19,350 37.4
1969 53,258 21,052 39.5

JAPA1 d  1966 427,435 214,600 50.2
1967 440,339 230,400 52.3
1968 477,681 258,000 54.0

1969 487,707 259,150 53.1
1970 527,374 286,439 S4.3

'I ajor EEC ;!rembers of OECD:

FRANCE
a  1965 169,080 43,260 25.6

1966 189,120 48,270 25.5
1967 201,420 52,530 26.1
1966 206,380,d 55650. 27.0
1969 204,440a  5 9,020 d 28.9

GERMANY' 1964 132,060
b  

51,785 39.2

1967 
20 8

,
94 4

d 
6 3

,
110d 30.2

1969 248,819 76,332 30.7

Netherlands
a  1959 30,100c

1964 43,140c li ,40C 2:8

1967 
5 0
'
200

d 15,700 31.3
1969 57,583 19,660 34.1

a
Belgiuin 1965 27,393 9,171 33.5

1967 
2 0 957

d 
9
,
0 10

d 43.0

1969 25,165 10,070 40.0

Italya  1963 42,329C  18,742c  44.3
1965 4 6 ,18 2¢  19,994 43.3
1967 49,939 19,670 39.4
1969 59,082 25,214 42.7

UNITED KINGDOM 
c efg 1964/65 151,213 b 53h865h 35.6

1968 150,014b 43,588 29.1

Other European OECD:
Spain

a '
i 1963 9,889 2,175 22.0

1964 10,859 2,355 21.7

1965 11,921 2,774 23.3
1966 12,628 3,132 24.8
1967 12,988 3,486 26.8

SwitzerlandtJk 1966 11,440 10,096 88.3
1967 12,446 10,939 87.9

1968 13,724 12,052 87.8
1969 14,403 12,543 87.1

.301 "II" EDING PANE NM FIM
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Scientists and Engineers
Percent

Country Year Total Number of Total

Soviet Bloc:

USSRad 1 1966 2,138,000 827,513 38.7
1967 ... 894,266..
1968 ... 955,670 ...
1969 ... 1,026,805 ...
1970 ... 1,079,353 ...

Polanda 'd 1965 119,410 37,430 31.6
1966 132,300 41,080 31.1
1967 145,903 44,978 30.8
1968 163,000 48,000 29.4
1969 184,500 54,500 29.5

a~d
Czechoslovakia a I 1967 130,874 40,734 31.1

1968 137,397 34,425 25.1
1969 

144
,
10 2 m 35,889 24.9

1970 137,667m  36 927m 26.8

Asia: 6 ,

Indiac  1958/59 18,043
1970 62,349

Pakistan 1965 719 206 28.7
1966 969 274 28.3
1967 1,000 359 35.9
1968 1,023 414 40.5
1969 3,015 1,054 1 35.0

South Korea 1965 5,256 2,765 52.6
1966 5,873 2,962 50.4
1967 6,698 4,061 60.61
1968 11,081 5,024 45.3
1969 12,145 5,337 43.9

Tra qano 1966 101 33 32.7
1967 172 70 40.7
1968 176 r 72 40.9
1969 169 84 49.7

Israelcp 1967 ... 1,840 ...
1970 ... 2,800 ...
1971 ... 2,960 ...

Africa:

Chada 'Q 1965 154 q 19a  12.3
1966 156  19q  12.2
1967 26 7

r  21r 7.9
1968 265 r 20  7.5
1969 269 r 1 9r 7.1

Gabon 1969 84 6s  7.1
1970 86 8s  9.3

Latin America:

Mexico 1965 3,184 1,355 42.6
1966 3,711 1,548 41.7
1967 5,569 2,483 44.6
1968 6'0 69  2,696 44.,1
1970 4,222 3,665 86.8

Guatemalaatu 1967 46 18 39.1
1968 46 19 41.3
1969 46 20 43.5
1970 50 25 50.0
1971 53 28 1-.8

Chile 1967 4:515cf 2 921 4c
'f 49.0

1969 8 ,70 3av 4 , 9 0 4 a6
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Notes for Table H-I:

a. Data are in full-time equivalents.
b. Data do not include auxiliary personnel.
c. Not including data for social sciendes.
d. Also including data for law, humanities, education, and arts.
e. Not including data for Higher Education sector.
f. Data relate to full-time personnel only.
g. Not including Northern Ireland; not including data for medical

sciences.
h. Not including persons with university degrees or equivalent

qualifications actually performing as technicians (12,983 in
1968).

i. Also including data for humanities.
j. Data for technicians and auxiliary personnel are for Higher

Education sector only.
k. Not including data for private nonprofit organizations.
1. Source: Organisation for Economic Cooperation and Development,

Science Policy in the USSR (Paris, 1969), p. 534. In this
source the OECD makes both a cautious estimate and a generous
estimate of total Soviet manpower engaged in R&D, for the
following years:

1 Dec 1957 1 Dec 1962 15 Nov 1965 15 Nov 1966

Cautious
estimate: 683,000 1,413,000 1,718,000 1,811,000

Generous
estimate: 924,000 1,923,000 2,336,000 2,465,000

Mean: 803,500 1,668,000 2,027,000 2,138,000

For illustrative purposes only, we have used a figure halfway
between the two estimates for the year 1966 in this table and
for the years shown in Figure

m. Of military R&D, only that part carried out in civil establish-
ments is included.

n. Data refer to the Council of Scientific Research only.
o. Not including scientists and engineers engaged in the administra-

tion of R&D (32 in 1969).
p. Data refer to civilian sector only.
q. Partial data; data given are for the Institut d'Elevage at de

Mdecine Vdt4rinaire des Pays Tropicaux. A
r. Partial data; data given are for the Institut d'Elevage at de

Mddecine Vdtdrinaire des Pays Tropicaux and the Institut de
Recherche du Coton et des Textiles Exotiques.

s. All foreigners.
t. Data relate to Higher Education sector only.
u. Data are for the University of San Carlos and relate to permanent

personnel only.
v. Also including data for law, humanities, and arts.

Source: UNESCO Statistical Yearbook 1971, pp. 635-40.
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Table H-3

SCIENTISTS AND ENGINEERS ENGAGED IN R&D AS A PERCENTAGE OFNATIONAL TOTALS FOR SELECTED COUNTRIES

Scientist an' Engineers Engaged in R&D
.-------- - T - 1s perceent

Total Total of Total

Population
a  

Scientists Per 1,000 Scientists

Country and Yeir _(millions-) and1 Engineers Number Population and Engineers

Major Non-Duropean OECD:
qITED ST-ATES - 1969 101-,113 1,L694,300 535, 0 ) 26. 15 0.32
('anadd - 1969 .11,089 .. 21,0 ' 9.98..
JAPAN - 1970 10 2:!2 1 .. 86,419' 27.99 ...

M .ajor CEC -embers of (EC.'

FRANCF
b  

-1969 '01,,6 192,000
i  

S9,020' 11.73 0.06
UII ANY -196 4 ',8,7 7 . .. 76,332 13.00 •...

Netherlands
b e 

- 196' ,87. 19,660 15.27
Belgi - 1963 00 10.44 0.14Belyb m- 199 ,4e 4.74UNJ'TE! KIN;?O017

' n  
A ],e i,21 41,5883, 7.85 0*20

ether European 'fECC:

>,in
I

- )4er 7 188,000 ,486
e  

1.06 0.02
->irrm . 1"- :L ... 12, KM 20.15..

7- 7,,003' 1,07',4'? .4.67 0.14
6 11070 14,500 1, .7.1 0.10

',771 36 ,9 7 e . 0.1'

in1 i 0 )94,800 [ o 1 1 0.07

k * i, 7 7r,0 q 0O 3.04

41 7bs 1 1.7 0.04

[1 7, 1' 8 l ,00
e  

1.511 0.07
It, P,

:  
- 00. I0 41 .12

0"7 167. 7.19 0

ile,, 7 *,464 1,7. 0.2'7 0.44

,n ,t lF;8 100 2.07 0.06

. ae, 1'' 661.
A,'-e... in' 1l'. 24O000

b
'

y  
, 1.860.0.

i v I , - '7 "1804 10,925 400
e  

0.8: 0.04
S!uu % I u 9 1,1 I ,910 ... "......

il-yeT elrilate
h. Alo inclu'ing !ati fart law, humanities, education, and arts.

c. ,~f ot.1, 68,100 are part-rime. Alo, OE(D 1469 survey shows total of only 172,002.
1. For 191,R.

e. !,ato ire in full-time equivalent'.
. For 1966/67.
. Nor including data for social sciences.

h . et including fata for meiaal sciences; not including Northern Ireland.

. FOr lduS.
r relate to full-time personnel only.

k. Not incluling data for Higher lucation sector.
1. A);u including data for humanities.
T. Not including data for private nonprofit organization
n. Al o including data for humanities, education, and arts.

o. Cf military R&D, only that part carried out in civil establishments is included.

p. Nat includinq data for Productive sector.
I. For 1966.
r. Data refer to the Pakistan Atomic Energy Commission and the Pakistan Council of

-Oc ientif ic and Industridl Resea rch only.
s. !,ta refer to college graduates 1964-69.
t. tata refer to the Council of Scientific Research only.
u. Dir, refer to civilian sector only.
v. Dat, refer to number economically active.

w. For 1971.
s. Not including data for the former Eastern Region.
y. Estimates based on 1960 census.

7. Not including data for private enterprises; data refer to net man-years; also

including data for humanities and architecture.

source: UINESCO Statistical Yearbook 1971, pp. 584-90.
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Table H-4

SCIENTISTS AND ENGINEERS ENGAGED IN R&D BY SECTOR OF PERFORMANCE,SELECTED NON-OECD COUNTRIES
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Table H-5

SCIENTISTS AND ENGINEERS ENGAGED IN R&D BY FIELD OF SCIENCE

Engineering
FT, PT Natural and Medical Social

Country and Year FTE
a  

Total Sciences Technology Sciences Agriculcure Sciences

Major Non-European OECD:

UNITED STATES - 1969 FTE 
6 2

,
1 0 0

b 24,900 10,600 15,600 5,600 5,400
Canads - 1967 FIE 19,350 6,670 6,920 3,760 1,900

JAPAN - 1970 FT 218,339 58,405 72,153 27,202 17,132 43 447
c

PT 68,100 ...............

Major EEC Members of OECD:

FRANCEc - 1969 FT 39,550 ... ............
PT 41,350 .......
-TE 

5 9
,
0 2 0

d 23,0 20,865 8,735 1,620 4,420

Netherlands
c 

- 1969 FT 4,570d ...
PT 2,659 ...
FTE 19,660 ....

Belgim - 1969 FTE 6 ,3 23c
'
e 2,019 1,301 735 542 568

Italy - 1969 FT 13,508 ... ......
PT 20,133 ... ... ...

FTE 25,214 5.373 13,339 2,927 1,084 1,27

ther European OECD:

Spain
'
l - 1967 Fr 3,174 2,170 834 344 245 249

g

PT 668 2,7833425FTE 3,486 ... ... .........

Soviet Bloc:

USSR
c 
- 1970 FT 1,079,3'3 230,469 474,695 %9,688 42,149 83,491

f

PT ... ...
Poland - 1969 F46,600 2,800 3t,00 1,900 4,200

PC 28,800 6,800 10,600 6,100 3,000 2,300
c

FrE 14,100 4,500 39,400 3,500 5,000 2,100
c

CzechoslovakiL - 29A7 F * 1
_C 5,953 23,354 1,869 2,725 5,690

Asia:I

India - p368/69 rTE 62,..43 ......

Pakistan - 1969 FT 467 270 70 10 "15 2

Soutb Korea - 1)69 FT S,337 1,24 1,156 737 1,573 647

Iraq' - 1969 FT 116 2 8 1 15 ...

Africa:
Egypt - 1968 PT * , 2 1,289 949 1,086 1,314 1,884

Ehana 1966 PT 129Ghana 1966 FT 167 I 3 14 24 71 5

::;c ria - 1969 FT 1,7231 558 79 375 510 201

Zambia - 1969 FT 745 52 348 69 173 55

Latin America:

Argentina" - 1969 2T 5,4549" 2,290 711' 1,027 867 402
PT S,373 963 464 

n  
2,411 290 826

Chile' - 1969 FT 4,244 1,538 705 530 489 579
PT 1,980 417 265 633 129 214

FTE 4,904 1,677 793 742 532 650

a. FT: full time; PT: part time; FT8: full-time equivalent.
b. Not including data for social sciences.
c. Also including data for law, humanities, education, and arts.
J. Not including data for Higher Education sector.
e. Not including data for Productive sector.
f. Data refer to social sciences and law.
g. Also including data for humanities.

'3 h. Data refer to the Pakistan Atomic Energy Commission only.
i. Data refer to the Council of Scientific Research only.
j. Including 32 persons engaged in the administration of R&D for which breakdown is not available.
k. Not including data for the former Eastern Region.
1. Including 48 persons engaged in the administration of R&D for which breakdown is not available.

m. Not including data for private enterprises.
n. Also including architecture.
o. Also including data for law, humanities, and arts.

Source: UNESCO Statistical Yearbook 1971, pp. 592-98.
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i Notes for Table H-6:

Note: "Third-level" institutions of education are defined as follows: "degree-

granting and non-degree-granting institutions of higher education of all
types (such as universities, teacher-training colleges, technical colleges,
etc.), both public and private. As far as possible, the figures include
part-time teachers and part-time students, but those for correspondence
courses are generally excluded." UNESCO Statistical Yearbook 1971, p. 331.
Stages of degree/diploma are defined as toliows:

Stage A: Diplomas anJ certificates which can be obtained before
completion of studies normally leading to a first (college) degree
(generally less than three years). They include, for example,
certificates awarded to certain types of technicians, nursing
diplomas, land-surveying diplomas, etc.

Stage B: Diplomas and certificates awarded after a normal period of
college study (usually four to five years). They include the bachelor's
degree, the license, etc.

Stage C: Diplomas and certificates obtained by continuing studies
beyond the first degree. They include the post-graduate diploma,
the master's de7ree, the doctorate, etc.

Not including higher teacher training.
b. Data refer to universicie m.! equivalent degree-granting institutions only.
c. Data refer only to the principal degrees and diplomas awarded by public universities

and the school, cf ensinoers and exclude intermediate degrees and diplomas which
constitute the lower cyce if study, as well as those for which the awards are
heterogeneous.

. :ertain of the social iences are included %ith humaniies.
e. Engineering degrees and liplomas are classified under Stage B. However, it should

be noted that the e de~rees and diplomas cannot be classified by stage as the
courses of study are at .ery different levels with regard to admission requirements
an:.! duration.

f. Architecture is in lu 4e with engineering.
I. The degrees awarded by the universities are shown under 5tage , which refers

exclusively to -hose degrees.
h. Data refer to legrees an diplomas awarded by the universities only. The source

of the figures i- Education Statistics for the United Kingdoc., published by the
5overnment statisical service, and reters to the Unite: ViFnido as a whole.

i. .ot inclu!in- ir, uates from evenirg and correspondence courses of whom there
were 7,1A in 1968-69.

I. Data re er to tIe -rincipal degrees and diplomas awarded,. Not included are the
intermediate an undergraduate diplomas and certificates which in 1965 totalled
?1-,o19. The :Ji:;ribution by field of study is as follows: humanities, 4C,198;
education, E3016; fine arts, 1,923; social sciences, 30,025; natural sciences,
30,a16; engineering, .2,68; medical science, 3,206; agriculture, 8,322; and a
further a,9c' unspecified. Pre-university certificates are also excluded.

k. Including arts an; sciences colleges at the intermediate level. Stage B includes
certain degrees and diplomas at the lower stage.

1. Social sciences are included with humanities.
m. University of Chile only.

Source: UNESCO Statistical Yearbook 1971, pp. 450-59.
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Series II
PROJECTIONS OF R&D EXPENDITURES IN

FIVE MAJOR OECD COUNTRIES

I
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Table I-i

DERIVATION OF GERD PROJECTIONS FROM PROJECTIONS OF
GNP AND OF GERD AS A PERWENTAGE OF GNP

Country 1969 .370 1971 1972 1973 1974 1975

GL-1ss Nati,nal Producta
(in billions of current US dollars)

UNITED STATES 930.3 977.1 1,055.5 1,155.2 1,288.0 (1340) (1400)

FRANCE 139.7 145.7 162.0 195.7 251.5 c  (270) (280)

WEST GEP?,ANY 153.7 187.3 207.6 256.9 34 2 .5d (360) (380)

JAPAN 175.0 203.5 239.9 310.4 41 5 .2e (450) (490)

UNITED KINGDOM 11.6 122.4 135.5 160.1 (180) (190) (200)

GERD as a Percent of GNP

UNITED STATES A 2.18 2.80 2.80 2.80 2.80 2.80 2.80
B 2.81 2.72 2.59 2.52 2.34 2.20 2.10

FRANCE A 1.90 1.90 1.90 1.90 1.90 1.90 1.90
B 1.89 1.83 1.72 1.64 1.56 1.48 1.40

WEST GERMANY A 1.70 1.70 1.70 1.70 1.70 1.70 1.70
B 1.72 2.03 1.99 2.00 2.00 2.00 2.00

JAPAN A 1.50 1.50 1.50 1.50 1.50 1.50 1.50
B 1.69 1.85 1.89 2.00 2.10 2.20 2.30

UNITED KINGDOM A 2.40 2.40 2.40 2.40 2.40 2.40 2.40
B 2.57 2.49 2.34 2.20 2.10 2.00 1.90

Gross Expenditures on R&D
_ _(in millions of US dollars)
UNITED STATES A 26,048 27,358 29,554 32,346 36,064 37,520 39,200

B 26,179 26,566 27,315 29,150 30,100 29,480 29,400

FRANCE A 2,654 2,768 3,078 3,718 4,779 5,130 5,320
B 2,640 2,666 2,786 3,209 3,923 3,996 3,920

WEST GERMANY A 2,613 3,184 3,529 4,367 5,823 6,120 6,460
B 2,644 4,308 4,131 5,138 6,850 7,200 7,600

JAPAN A 2,625 3,053 3,599 4,656 6,228 6,750 7,350
B 2,958 3,765 4,534 6,208 8,719 9,900 11,270

UNITED KINGDOM A 2,678 2,938 3,252 3,842 4,320 4,560 4,800
B 2,868 3,048 3,171 3,522 3,780 3,800 3,800

Note: In section of table showing GNP, amounts in parentheses are projections; see
footnote a below for procedure used to derive the projections. In section
of table showing GERD as a percentage of GNP, underlined percentages were
derived from data in national currencies for GNP and GERD; percentage
figures not underlined are rough projections of trends apparent in the
underlined data. In section of table showing gross expenditures on R&D,
all figures were generated by applying the ratios for the respective
countries and series listed under the heading "GERD as a Percent of GNP"
to the data listed under the heading "Gross National Product."
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I
Notes for Table I-1:

3. Original data for Japan in yen have been converted at the following rates: for one
US dollar, 360 yen in 1969-70, 338 yen in 1971, 308 yen in 1972, and 280 yen in 1973.
It shouid be stressed that these exchange rates are at best approximate. GNP figures
refer to Japanese fiscal years. Original data for France, West Germany, and the
United Kingdom in units of account (UA) have been converted at the following rates:
for one UA, one US dollar in 1969-71 and 1.085 U6 dollars in 1972. French and West
German projections for 1973 were expressed in terms of francs and marks, respectively,
and have been converted at the rate of 4.604 francs and 2.669 marks to one US dollar.

GNP has been projected to 1975 according to the following procedure: first,
the average annual rate of growth for 1969-1972/73 has been derived from statistics
on GNP expressed in national currencies; second, in an effort to compensate to some
extent for the effects of the energy crisis, this rate has been arbitrarily cut in
half; and, third, this reduced rate has been used to obtain a projection for the
years 1973/74-1975. (In the case of the United Kingdom, the unadjusted rate has been
used for 1973.) The rates used are listed below.

Country Time Period Average Annual Rate Reduced by 50%

UNITED STATES 1969-73 8.5 4.2
FRANCE 1969-73 12.1 6.0
WEST GERMANY 1969-73 L0.9 5.4

JAPAN 1969-73 16.5 8.2
UNITED KINGDOM 1969-72 10.8 5.4

All projections made according to this procedure are enclosed in parentheses.
b. US Department of Commerce estimate.
c. French government preliminary figures.
d. West German government projection.
e. Japanese government estimates as of December 1973.

Source: GNP data: United States: US Department of Commerce.
Japan: GNP data in yen: Office of the Prime Minister, Economic
Planning Agency, Annual Report on National Income Statistics (Tokyo,
1973). Information on exchange rates was obtained from Japan-United
States Trade Council.
France, West Germany, and the United Kingdom: GNP data in units of
account: Statistical Office of the European Communities, General
Statistics: Monthly Statistics, Issue No. 10, 1973.
France: GNP data in francs: Embassy of France, Washington, D.C.
West Germany: GNP data in marks: Embassy of the Federal Republic
of Germany, Washington, D.C.
United Kingdom: GNP data in pounds: British Embassy, Washington, D.C.
GERD as a Percent of GNP: For Series A for all countries: Straight-line
projections or figure for last year available in Table A-4. For GNP data
used in the preparation of Series B for all countries, see preceding source
note. Data on GERD were drawn from the following sources:
United States: National Science Foundation, National Patterns of R&D
Resources, Funds and Manpower in the United States, 1953-7 7, NSF 73-303
(Washington, D.C., 1973), Table B-1, pp. 26-27.
France, West Germany, and the United Kingdom: NSF estimates published in
National Science Foundation, National Science Board, Science Indicators,
1972 (Washington, D.C., 1973), Appendix Table 1, p. l02.
Japan: Office of the Prime Minister, Bureau of Statistics, Report on the
Survey of Research and Development in Japan, 1970, Summary table 2, pp.
44-45 (for 1969), and 1972, p. 18 (for 1970 and 1971).

I
•"316 1

I



Series J

EXCHANGE RATES

1 317



I
!

JA. EXCHANGE RATES FOR OECD MEMBER NATIONS

All data on R&D expenditures in the OECD area are expressed in

US dollar figures drawn directly from OECD sources.

The primary OECD sources for the data for the 1961, 1963, and

1967 surveys (shown in this report in the tables in Series A, B, C,

and D) of these years give no indication of the exchange rates used.

Other OECD publications, however, suggest that current official

exchange rates were employed. The source for the statistics on the

1969 survey year (which appear in Series A through E) does provide

j information on exchange rates. This has been used in the preparation

of Table J-1 below.

jA more complex procedure was used to generate the data on estimated

government R&D funding in US dollars that appear in Series F. In the

words of the OECD statisticians,

we had to use the standard OECD exchange rates. In
order to assure logical consistency and to avoid the
complications of devaluations, data are ... presented
in United States dollars at 1961 prices and at 1961
exchange rates. This means that they give a reasonably
accurate picture of changes in the level of R&D funding
for the various objectives by individual governments
but that they situate the efforts of each country only
rather approximately in relation t? the others,
particularly for the latest years.

1. Organisation for Economic Co-operation and Development,
Changing Priorities for Government R&D (Paris, July 1973), p. 133.
(TEmphasis in original.)
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Table J-1 ]

EXCHANGE RATES FOR OECD MEMBER NATIONS IN 1969
(in national currency equivalents of one US dollar) I

Country Unit Exchange Rate

Austria Schilling 26.00104

Belgium Franc 50.00000

Canada Dollar 1.081081

Denmark Krone 7.5001875

Finland Mark 4.199916

FRANCE Franc 5.1750459

WEST GERMANY D. Mark 3.9339257

Greece Drachma 30.0031

Ireland Pound 0.4166666

Italy Lira 625.0

JAPAN Yen 359.99971

Netherlands Guilder 3.6200012

Norway Krone 7.1428571 1
Spain Peseta 70.00007

Sweden Krona 5.1731986

Switzerland Franc 4.3250163

Turkey Lira 9.000009

UNITED KINGDOM Pound 0.4166666

UNITED STATES Dollar 1.0

Source: OECD, Survey of R&D in 1969, Vol. 5, table on p. 19.

32* 1
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B. EXCHANGE RATES FOR COMMUNIST BLOC COUNTRIES

Data on R&D expenditures by Communist bloc countrie. appear in two

I sets of appendix tables: Series A and Series G. The exchange rates
used to convert the local currencies into US dollars are shown in

Table J-2.

Table J-2

EXCHANGE RATES FOR COMMUNIST BLOC COUNTRIES
IN 1967 AND 1969

(in national currency equivalents of one US dollar)

Country Unit Exchange Rate

USSR Ruble 0.42

Czechoslovakia Crown 8.5

j Poland Zloty 15.9

East Germany Ostmark 3.39
- Hungary Forint 17.4

Rumania Lei 9.4

Bulgaria Leva 1.16a

Cuba Peso

Sources: For all countries other than Cuba: the Institute for
Strategic Studies, The Military Balance, 1967-1968,
p. 24 (for 1967), and 1969-1970, pp. 5, 12-14 (tor
1969).

a. For 1968-69, official rate.

Data on R&D expenditures by selected non-Communist, non-OECD

countries appear in Series G tables. The exchange rates used for
those countries are shown in Table J-3.
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Table J-3 I
EXCHANGE RATES FOR NON-COMMUNIST, NON-OECD COUNTRIES
(in national currency equivalents of one US dollar)

Country Year Unit Exchange Rate .,

Argentina 1968 Peso 350

Bolivia 1967 Peso 11.88 "

Brazil 1968 Cruzeiro 3.83

Chad 1965-68 CFA Franc 246.85 -

1969 CFA Franc 277.71

Chile 1969 Escudo 8.71

Egypt 1968 Egyptian pound 0.4348

Gabon 1967 CFA Franc 246.85

Ghana 1965 New Cedi 1.0204

India 1969 Rupee 7.57

Iran 1970 Rial 75.75

Iraq 1969 Dinar 0.3571

Israel 1970 Israeli Pound 3.5

Kenya 1966 Shilling 7.143

Mexico 1970 Peso 12.49

Nigeria 1966 Pound 0.3571

Pakistan 1968 Rupee 4.787

Philippines 1965-66 Peso 3.9

Rwanda 1963-67 Franc 100

Somalia 1963-67 Shilling 7.143

South Korea 1965-69 Won 304

Sudan 1963-66 Pound 0.3482

Tunisia 1964-67 Dinar 0.525

Zambia 1969 Kwacha

Source: United Nations Statistical Yearbook, pertinent years.
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C. EXCHANGE RATES USED IN PROJECTIONS

Various methods were used to generate estimates of future gross

expenditures on R&D. For the projections that were based on extra-

polations of past levels of expenditures expressed in US dollars, no

Iconversion was necessary (see Lines A' and A" in Tables 50 through
53).

For the projections that were based on extrapolations of GNP and

GERD as a percentage of GNP, the historical data on GNP for Japan

were expressed in the national currency and were converted into US

dollars at the rates shown in Table J-4 (refer to Lines B and B' in

Table 52).

Table J-4.

IEXCHANGE RATES USED IN PROJECTIONS OF JAPANESE GNP
(in national currency equivalents of one US dollar)I

Exchange Rate

1969 1970 1971 1972 1973

Yen 360 360 338 308 280

Source: Japan-US Trade Council.

For West Germany, France, and the United Kingdom, however, most of

the GNP data were expressed in terms of units of account. These were

converted into US dollars at the rates shown in Table J-5. Additional

information was available in national currencies for 1973 for France

i and West Germany. These, too, appear in Table J-5 (refer to Lines

B and B' in Tables 50, 51, and 53). No attempt was made to estimate

- future exchange rates. (For the procedure used to project GNP in

dollar figures out to 1975, see section A.2. of Chapter VII and

Table I-1.)
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Table J-5 J

EXCHANGE RATES USED IN PROJECTIONS OF GNP FOR FRANCE,

WEST GERMANY, AND THE UNITED KINGDOM
(in units of account and national currency equivalents -

of one US dollar)

Country Unit Exchange Rate

1969 1970 1971 1972 1973

FRANCE

WEST GERMANY Unit of 11 1.085
Account

UNITED KINGDOM

FRANCE Franc 4.604

WEST GERMANY D. Mark 2.669

Sources: For 1969-1971: Statistical Office of the European I
Communities, General Statistics: Monthly Statistics,
Issue No. 10, 1973. For 1973: Embassies of France
and the Federal Republic of Germany.

The conversion rates used in preparing the remainder of the data

displayed in Tables 50 through 53 will be found in Table J-6.

[
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